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In  the  Baffle  of  Design 

A  waste  of  material  dr  machine  time  In  engineering  design  today  Is  as  damnable  as  sab¬ 
otage.  The  brattle  of  design  will  be  won  by  refinements  in»  existing  components  as  well  as  by 
new  Inventions.  Savings  in  small  things  add  up  ...  to  big  things.  Here  ore  some  examples: 
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These  savings  added  up.  Small  ih  themselves  .  .  .  slight  for  each  individual  unit  .  .  . 
their  total  is  impressive.  Today  we  need  all  possible  savings  .  .  .  even  those  which 
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HERE’S  TO  LONG  LIFE! 


This  TOBE  PLUG-IN  CAPACITOR  -  Type 
PTSC-2— is  a  refinement  of  the  plug-ins  origi¬ 
nated  over  seven  years  ago  by  Tobe  engineers. 
It  has  quite  a  history— and  quite  a  future,  too’. 
In  engineering  and  design,  we  have  one  pri¬ 
mary  objective— to  assure  long  and  satisfactory 
life  for  this  and  all  Tobe  capacitors  under  all 
operating  conditions.  And  the  testimony  of 


users  of  Tobe  Capacitors  proves  that  this  objec¬ 
tive  is  being  reached. 

Fortunately,  too,  to  help  war  production  re¬ 
quirements,  we  now  have  additional  complete 
capacitor  manufacturing  facilities  in  operation, 
meeting  urgent  production  needs.  We  invite 
discussion  of  your  capacitor  problems. 


TOBE  FILTERMITE  (TYPE  PTSC-2) 

A  refinement  cf  early  “plug-ins” — wax  im 
pregnated,  hermetically  sealed  (also  avail¬ 
able  in  oil).  Passes  all  required  Army  and 
Navy  immersion  tests.  Low  power  factor. 

CAPACITY:  2x8  microfarads 
RESISTANCE:  2000  megohms  per  mfd. 

VOLTAGE:  600  volts  D.  C.  continuous  working. 

Individually  tested  at  1800  volts  D.  C. 
(Available  in  4  and  6-prong  base) 
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THE  HOUSE  OF  “3-PLUS”  MANUFACTURE 

The  quality  of  Tobe  Capacitors  is  unques¬ 
tioned;  a  direct  result  of . . .  ^ 

1.  PERSISTENCE  in  Research 

2.  SOUNDNESS  in  Engineering 

3.  EXCELLENCE  in  Production 

PLUS  ...  1  5  years  of  Condenser  Experience. 
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WASHINGTON 

FEEDBACK 


Although  the  settlement  of  the  con¬ 
troversy  between  WPB  and  the  Service 
Chiefs  is  in  the  nature  of  a  compromise, 
with  the  Service  Chiefs  retaining  their 
powers  to  schedule  but  under  super¬ 
vision  of  WPB,  industries  caught  in  a 
dead  center  in  this  tug  of  war  will  now 
move  forward  on  a  chartered  course. 

The  control  powers  are  to  be  placed 
with  Vice  Chairman  Wilson,  whose 
primary  concern  is  “to  ki^ep  our  produc¬ 
tion  programs  in  better  internal  bal¬ 
ance,  to  prevent  waste  of  resouices  or 
reduction  of  finished  output  through 
some  parts  of  the  job  being  done  either 
too  early  or  too  late.” 

Controlled  Materials  Plan,  under  Fer¬ 
dinand  Eberstadt,  is  being  worked  out 
and  machinery  set  up  so  that  it  can  be¬ 
gin  to  operate  by  the  second  quarter  of 
1943.  Carbon  and  alloy  steel,  copper 
and  aluminum  are  the  first  “controlled 
materials”  to  be  directly  allotted  under 
the  plan.  Radio  and  Radar  Division  of 
WPB,  Deputy  Director  Ray  C,  Ellis, 
will  be  responsible  in  its  field  for  cor¬ 
relating  the  requirements  of  all  claim¬ 
ants  adjusting  requirements  to  the  pro¬ 
ductive  capacity  of  the  industry;  cal¬ 
culating  the  amount  of  raw  materials 
required;  obtaining  raw  material  allot¬ 
ments;  distributing  and  allotting  con¬ 
trolled  materials  to  producers.  The 
office  of  Civilian  Supply  is  the  Claimant 
.Agency  for  the  Division.  WPB  will 
function  through  that  channel. 

In  talking  with  a  representative  of 
Elix'TRonic.s  I'ecently,  S.  K.  Wolf,  Chief 
of  the  Components  Section,  WPB, 
stated  that  emphasis  is  shifting  from 
the  communications  field  toward  radar. 
The  Navy  is  working  on  new  eo’  ip- 
ment  all  the  time,  and  this  new  equip¬ 
ment  requires  new  components.  He 
believes  the  industry  must  remain  fiexi- 
ble  to  meet  the  changing  program,  that 
we  are  reaching  a  .saturation  point  in 
labor,  material  and  facilities,  which 
makes  it  imperative  that  we  get  more 
out  of  what  we  have. 

WPB  Radio  Division  has  been  study¬ 
ing  radio  manufacturing  proces.ses  in 
comparable  factories,  noting  wide  dif¬ 
ferences  in  production  efficiencies.  One 
producer  required  70  seconds  for  a 
molding  operation,  another  took  7  min¬ 
utes  for  the  same  operation.  One  plant 
had  an  automatic  “stacking  machine” 
for  mica,  another  one  u.sed  the  hand 
method.  Estimates  indicate  there  can 
be  a  20  to  30  percent  increase  in  out¬ 
put  by  requiring  that  approved  methods 
of  efficient  production  be  uniformly 
used  throughout  the  industry. 

WPB,  Army  and  Navy  experts  and 
representatives  of  the  AS.A  are  col- 
laborating  to  bring  about  simplification 
of  lines  and  a  reduction  in  the  number 


of  types  of  components  entering  into 
military  radio  and  radar  pi-oduction. 

In  three  weeks’  time,  fixed  mica  capaci¬ 
tors,  now  standardized,  increased  in 
output  almost  100  percent. 

Bureau  of  Ships.  Radio  and  Sound 
Bi’anch,  Navy  Department  Bureau  of 
Ships,  has  now  been  established  as  the 
Radio  Division,  responsible  to  Rear  .Ad¬ 
miral  E.  L.  Cochrane,  U.S.N.,  Chief  of 
the  Bureau  of  .Ships.  Captain  Jennings 
B.  Dow  is  head  of  the  Division  and 
Captain  S.  F.  Patten  is  .Assistant  Head. 

Four  ma  r  branches  have  been  or¬ 
ganized  replacing  the  previous  10:  (1) 
Design,  Commander  L.  B.  Blay¬ 
lock,  all  design  of  radio,  radar,  and 
underwater  sound  equipment  except 
aircraft  radio;  (2)  Procurement  and 
Production  Branch,  Commander  D.  F,  J. 
Shea,  production  and  procurement  ex¬ 
cept  those  which  belong  in  the  Design 
Branch;  (3)  Installation  and  Mainte¬ 
nance  Branch,  combining  the  previous 
Marine  Corps,  Ship  and  Shore  Sections, 
Commander  A.  .M.  Granum,  installation 
and  maintenance  of  all  radio,  radar  and 
underwater  equipment;  (4)  Aircraft 
Branch,  Commander  H.  C.  Owen,  de¬ 
sign  of  all  aircraft  radio  equipment. 
This  branch  works  closely  with  the  De¬ 
sign  Branch  and  the  Bureau  of  .Aero¬ 
nautics.  Under  the  Design  Branch  is 
the  Standardization  and  Coordination 
.Section  which  works  with  the  Signal 
Coips  and  WPB  Radio  and  Radar  Sec¬ 
tion  to  standardize  parts  and  tubes. 

Ollice  of  Civilian  Defense  reports  con¬ 
siderable  activity  in  War  Emergency 
Radio  Service.  Sixty-five  blanket  li¬ 
censes  have  been  granted  by  the  FCC 
for  War  Emergency  Radio  Service  sta¬ 
tions  as  of  November  25,  1942.  These 
licenses  cover  several  hundred  indi¬ 
vidual  transmitters  to  provide  supple¬ 
mental  and  additional  facilities  for  ci¬ 
vilian  defense  communications.  Their 
use  will  be  essentially  local  in  charac¬ 
ter,  all  stations  being  allocated  a  band 
of  frequencies  from  112  to  116  Me.  In 
addition  to  supplementing  the  basic 
telephone  lines  in  case  of  disruption, 
they  will  provide  communication  with 
mobile  units  within  a  damaged  area. 

OCD  proposes  the  following  “Tri- 
Part”  plan,  in  which  communications 
between  the  control  center  and  the 
headquarters  of  various  services,  such 
as  fire,  police,  medical,  etc.,  are  divided 
into  three  categories,  as  follows: 

1.  The  Local-Mobile  Band  (LM  Band). 

One  or  more  channels  to  be  employed 
only  for  communication  with  mobile 
units  in  the  field.  In  small  communities 
one  channel  may  be  used  for  all  such 
services.  In  larger  cities,  several  chan¬ 


nels  may  be  employed  to  provide 
greater  peak  message  handling  ability, 
in  which  case  fire,  police,  medical,  etc., 
may  be  assigned  separate  channels.  At 
the  control  center  one  transmitter  ^nd 
receiver  would  be  used  exclusively  for 
this  band.  The  transmitter  should  have 
definite,  notched,  frequency-changing 
devices  when  more  than  one  channel  is 
employed.  At  the  headquarters  of  the 
various  services  would  be  a  transmitter 
and  receiver  operating  on  the  channel 
assigned  to  that  service.  The  LM  band 
thus  provides  a  means  of  communica¬ 
tion  directly  to  the  emergency  service 
headquarters  from  the  field,  and  also 
directly  to  the  control  center,  where  an 
up-to-the-minute  picture  is  maintained 
for  coordinating  all  activities. 

2.  The  Fixed  Point  Band  (LF  Band). 

A  supplemental  means  of  communica¬ 
tion  between  the  control  center  and  the 
headquarters  of  the  various  emergency 
services  thus  requiring  a  second  trans¬ 
mitter  and  receiver  at  control  center. 
In  larger  communities  where  more  than 
one  chtinnel  is  employed,  frequency 
change  should  be  definite  and  by 
notched  control.  .At  the  various  serv¬ 
ice  headquarters  the  transmitter  and 
receiver  should  be  permanently  tuned 
to  the  operating  channel.  Through  these 
circuits  the  control  center  coordinates 
the  activities  of  the  various  services 
throughout  the  community. 

3.  The  Local-Warning  District  Control  Cen¬ 
ter  Band  (LD  Band). 

Supplemental  communications  to  the 
next  higher  level  of  control,  i.e.,  to  an 
outside  point  from  a  stricken  commun¬ 
ity.  A  single  channel  from  each  local 
control  center  to  the  warning  district 
control  center  will  usually  be  sufficient. 
The  cooperation  of  all  communities 
within  a  district  warning  area  will  be 
necessary  to  establish  this  channel.  The 
same  channel  should  be  used  by  as 
many  communities  as  possible,  and, 
when  more  than  one  channel  is  used, 
the  channels  should  be  staggered,  so 
that  adjacent  communities  operate  on 
different  channels.  Staggered  channels 
will  provide  greater  peak  message 
handling  ability,  since  an  air  raid  is 
more  liable  to  affect  two  adjacent 
towns  than  two  separated  localities 
within  a  district.  Transmitters  and 
receivers  having  fixed  tuning  should  be 
used  on  both  ends  of  this  channel.  Each 
channel  in  this  band  will  require  a 
separate  transmitter  and  receiver  at 
the  warning  district  control  center, 
and  as  few  channels  as  possible  should 
be  used  to  cover  all  local  needs.  This 
circuit  is  used  to  call  for  outside 
aid  and  reinforcements  for  the  various 
services,  and  to  coordinate  evacuation 
procedures  in  the  event  of  failure  of  the 
telephone  service. 

Even  though  complete  facilities  as 
outlined  cannot  be  provided  at  the  out¬ 
set,  the  initial  arrangements  should  be 
such  that  gradual  expansion  without  al¬ 
terations  will  result  in  a  final  network 

(See  also  p.  146,  Industry  in  Review) 
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Mallory  Helps  Our  ^^Hell  Buggies 
Kiss  The  Noise  Good-Bye ! 


||f  Communication  between  eom- 

A  manders  and  single  units  of  an  attaek- 

ing  column  must  not  be  '^muddied" 
by  the  staccato  zip-zip-zip  of  spark* 
plugs,  electric  motors,  inverters  or 
other  man-made  static  within  the 
/(Uie  of  operations.  So  Mallory  ^oise  Filters  step 
in  to  suppress  static  and  assure  the  clear  com¬ 
munications  that  may  mean  the  difference  between 
success  ami  failure  .  .  .  life  or  <leath. 


(^londensers,  rectifiers,  Rectostarters,  rheostats, 
volume  controls,  switches,  jacks  and  plugs,  vibra¬ 
tors  and  Vihrapacks  .  .  .  these  and  other  Mallory 
parts  are  doing  a  job  where  conditions  are  toughest. 

If  you  need  electronic  jiarts  .  .  .  for  laboratory 
or  test  work,  for  replacements  in  existing  eipiip- 
ment,  or  as  elements  in  some  new  device  .  .  .  call 
on  your  nearest  Mallory  Distributor.  There  are 
253  Mallory  Distributors  from  coast  to  coast, 
ready  to  serve  you  promptly.  Ask  your  Mallory 
Distributor,  tiM),  for  your  free  copy  of  the  latest 
Mallory  (Catalog  .  ,  .  used  as  a  buying  guide  in  the 
aeronautical,  automotive,  electrical,  geophysical, 
radio  and  other  essential  industries. 


Du  hattlefronts  in  the  air,  on  the  sea  and  umler 
the  sea,  Mallory  Noise  Filters  are  equallv  impor¬ 
tant  .  .  .  helping  our  fighters  kiss  the  noise  good¬ 
bye!  On  the  home  front,  tm),  where  clear  radio 
reception  is  vital  to  Civilian  Defense  . . .  and  where 
static  might  guide  enemy'  bombers  to  American 
targets,  as  has  already  occurred  in  Allied  countries 
.  .  .  Mallory  Noise  Filters  help  "keep  'em  listen¬ 
ing"  in  safety. 

Noise  filters,  however,  are  just  one  of  the  many 
Mallory  Approved  Precision  PriKlucts  now  serv¬ 
ing  in  both  militarv  and  industrial  applications. 


IT  rite  Uniav  for  your  \Tallory 
I)istrihutor'’s  name,  and  for  your 
eopy  of  this  useful  eatalog. 


INDIANAPOLIS,  INDIANA  •  Cobt.  pelmalio 
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►  MANPOWER  .  .  .  Even  at  this  early  date,  the  bijr 
problem  of  the  new  year  is  Koinjr  to  be  manpower. 
Appointment  of  a  manpower  boss  in  Mr.  McNutt 
comes  at  a  critical  time.  Already  there  are  more  than 
four  and  a  half  million  men  in  the  armed  services; 
and  it  is  .stated  that  ultimately — and  not  so  lon^ 
away — there  must  be  seven  and  a  half  million  men 
taken  out  of  productive  circulation,  demandinj;  more 
and  more  equipment  with  which  to  do  their  jt)b  all 
over  the  world. 

At  the  same  time  the  expandinjr  production  needs 
more  man-hours.  A^M-iculture  needs  more  laborers. 
It  is  said  that  the  public  carriers  will  need  an  addi¬ 
tional  60,000  workers;  that  durinjr  1942  approximately 
40,000  workers  will  have  lo.«t  their  lives  in  one  way  or 
another,  thus  still  further  depleting:  the  labor  pool. 

It  is  hoped  that  the  new  top  boss  of  manpower  will 
have  an  overall  picture  of  what  is  needed,  and  not  let 
one  service  or  one  industry  deplete  all  others  to  our 
overall  di.sadvantaKt*-  Wt'  must  have  a  figure  for  the 
maximum  number  of  armed  forces  needed  that  can  be 
e(piipj)ed  and  maintained  for  a  lon^r  war.  Then  we 
must  decide  how  the  rest  (d‘  the  manpower  is  to  be 
t'mployed;  for  example,  what  to  do  al)out  the  2,450,759 
civilians  on  the  >r‘*vernment  payroll  as  of  September; 
of  the  thousands  of  desk  jobs  now  occupied  by  men 
in  uniform. 

Lon^  ap:o  we  worked  in  a  place  where  thinjrs  were 
not  K‘*ttin^^  done.  We  demanded  more  help.  The  bijr 
l)oss  countered  with  orders  to  cut  the  present  staff  in 
two.  Then  to  our  complete  surprise  things  bejran  to 
click;  there  was  a  job  for  everyone,  and  he  did  that 
.i"b  and  stayed  out  of  other  people’s  hair.  Half  a  staff, 
in  this  case,  was  better  than  twice  the  staff. 

Are  all  the  civilian  jobs  in  the  government,  all  the 
liesk  jobs  in  the  services  really  necessary? 

►  (  KXSOR  .  .  .  Several  months  a;ro,  as.sociate  editor 
^lacDonald  spent  quite  a  bit  of  his  time  and  that  of 
'operating  components  manufacturers  patherin^r 
'•ata  about  the  parts  end  of  the  industry’s  war  effort. 
^  detailed  report  was  written  and  transmitted  to 
'  ashiiiKton. 


Publication  of  the  report  in  these  columns  was  dis¬ 
approved  on  the  jjround  that  it  contributed  an  overall 
picture  of  the  American  radio  equipment  situation 
which  the  Axis  as  well  as  our  own  people  mijrht  find 
valuable.  We  found  it  difficult  to  disajrree  with  this 
viewpoint  without  simultaneously  minimizing?  the  use¬ 
fulness  of  our  own  efforts  to  stimulate  production. 

Now  the  Signal  Corps  has  asked  Electronics  to 
print  the  report  in  booklet  form  so  that  it  may  be  dis¬ 
tributed  privately  to  a  limited  list  of  manufacturers 
having  military  equipment  contracts.  This  is  being 
done  as  a  contribution  to  the  war  effort.  If  you  do 
not  receive  a  copy  it  is  because  you  are  not  on  the 
Army’s  list.  If  you  do  get  a  copy,  remember  that  it  is 
material  and  that  the  penalties  for  dis¬ 
closing  any  of  its  contents  are  severe. 

This  explanation  is  offered  to  those  who  contributed 
so  freely  to  Mr.  MacDonald’s  report  and  may  be  won¬ 
dering  what  happened  to  it. 

►  HELP  .  .  .  When  we  first  went  to  war  there  was 
ipiite  a  demand  on  the  part  of  the  Navy  for  "physicists 
in  their  undershirts.”  Some  of  the  scientists  who 
responded  were  put  to  work  on  problems  in  physics 
for  which  they  were  suited  by  instinct,  training  and 
experience  but  more  of  them  were  flabbergasted  to 
find  that  they  were  expected  to  design,  construct  and 
even  maintain  practical  electronic  ecpiipment  with 
which  they  were  wholly  unfamiliar.  Now  a  story  is 
going  the  rounds  that  the  mixup  was  cau.sed  by  a 
difference  between  Kritish  and  American  terminology. 
It  .seems  that  our  partners  across  the  water  call  radio 
engineers  “physicists”  and  radio  servicemen  are 
“wireless  engineers.”  When  we  started  to  produce 
certain  highly  specialized  electronic  gear  for  military 
use  we  not  only  ba.sed  our  work  on  designs  lu'oven  in 
actual  service  in  England  but  blindly  copied  Kritish 
terminology  when  we  advertised  for  men  to  hamlle  it. 
Just  how  tong  this  curious  situation  persisted  is  not 
known  but  we  can  say  that  for  at  least  three  months 
certain  recruiting  ottices  were  looking  for  "i)hysicists". 
on  orders  from  Washiivgton,  and  cttuldn’t  explain  pre¬ 
cisely  what  was  meant  by  the  term. 
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Electronic  Generators  Extend 
Induction  Heating  Field 


Electrolytic  process  of  coating  sheet  steel  with  tin  saves  more  than  half  of  tin  formerly  used 
on  tin  plate.  Induction  heating  and  flowing  of  tin,  using  electronic  generators,  increases 
corrosion  resistance.  Electronic  generators  speed  production  and  can  he  inserted  as  part 
of  continuous  tin  j)late  process 


Electronic  high  frequency 
induction  heating  is  ^making 
its  contribution  to  wartime  produc¬ 
tion  by  helping  to  save  critical  tin, 
speeding  production,  increasing  cor¬ 
rosion  resistance,  reducing  rejects 
and  facilitating  the  continuous  proc¬ 
essing  of  electrolytic  tin  plate.  One 
unit  is  already  at  work  in  a  steel 
mill,  and  additional  8600  kw  of  200,- 
000  cycle  electronic  type  generators 
are  in  process  of  manufacture  for 
electrolytic  tin  lines.  These  lines 
are  designed  for  operation  at  speeds 
of  500  to  1000  feet  per  minute,  which 
will  turn  out  tin  plate  in  a  fraction 
of  the  time  required  by  processes 
using  gas  furnaces  or  hot  oil  baths. 

Conventional  fuel  fired  furnaces 
do  not  lend  themselves  readily  to 
high  speed  heating  processes  because 
of  the  difficulty  experienced  in  forc¬ 
ing  heat  to  ffow  at  a  sufficiently 
rapid  rate  into  the  interior  of  the 
mass  being  heated,  and  because  fuel 
fired  furnaces  are  incapable  of  suffi¬ 
ciently  rapid  adjustment  of  rate  of 
heating  to  match  sudden  changes  in 


By  H.  C.  HUMPHREY 
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processing  line  speed.  Induction  heat¬ 
ing  possesses  unique  advantages  as 
compared  to  other  heating  processes 
because  it  develops  heat  directly 
within  the  work  itself  and  eliminates 
“thermal-inertia”  since  there  is  no 
time  lag  between  application  of  heat 
and  actual  rise  in  temperature  in  the 
work  itself.  The  advantages  which 
derive  from  these  characteristics 
are : 

(1)  Rapid  rate  of  heating. 

(2)  Difficulties  attendant  to  meth¬ 
ods  which  require  a  high  tem¬ 
perature  gradient  between 
the  work  and  the  surrounding 
medium,  in  order  to  force  heat 
from  the  surface  into  the  in¬ 
terior  of  the  work,  are  elim¬ 
inated. 

(3)  No  physical  contact  needed 
between  the  moving  work  and 
the  electrical  circuit. 


(4)  Work  may  be  kept  at  ground 
potential. 

(5)  Induction  heating  lends  it¬ 
self  to  rapid  changes  in  rate 
of  heating  such  as  are  re¬ 
quired  in  continuous  processes 
when  a  line  has  to  be  slowed 
down  while  the  end  of  one 
piece  of  work  is  welded  to  the 

i  next  following. 

:  (6)  Heating  may  be  confined  to 
localized  areas.  Heating  pro¬ 
duced  may  be  concentrated  in 
that  .section  of  work  imme¬ 
diately  within  the  inductor 
coil. 

(7)  Application  of  heat  may  be 
'  immediately  suspended  before 
damage  from  overheating  oc- 
!  curs.  Since  heat  is  produced 
within  the  work  itself,  heat¬ 
ing  will  cease  immediately 
when  the  inductor  heating 
coil  circuit  is  opened.  In  a 
continuous  process  with  an 
oven  or  furnace  which  tends 
to  store  a  large  (juantity  of 
heat,  breakdown  in  the  con- 


INDUCTION  HEATING  AIDS  WAR  EFFORT 


The  role  of  electronics  in  aiding  our  war  effort  is 
well  illustrated  in  the  application  of  induction 
heating  to  the  flowing  of  tin  on  sheet  steel  as  an 
important  step  in  the  conservation  of  tin  and  the 
increase  of  corrosion  resistance  of  tinplate. 

The  first  commercial  installation,  in  a  large  steel 
mill,  is  now  producing  60  tons  of  strip,  14  inches 
wide,  per  day.  Present  lines  of  electrolytic  plating 
operate  at  a  speed  of  500  feet  per  minute,  although 
this  speed  is  expected  to  be  increased  to  1,000  feet 
per  minute  in  the  near  future.  The  600  kw  units  now 


available  are  adequate  to  care  for  the  present  rate 
of  production,  but  1,200  kw  heating  units  are  being 
built  for  flowing  tin  at  1,000  feet  per  minute  by  in¬ 
duction  heating  methods,  instead  of  150  feet  per 
minute  using  gas  furnaces  or  200  feet  per  minute 
using  hot  oil  baths. 

The  commercial  utilization  of  high  power  induc¬ 
tion  heating  units — of  which  we  may  expect  addi¬ 
tional  applications  in  the  future  as  new  fields  are 
developed  for  this  process — introduce  new  avenues 
of  enterprise  for  the  electronics  engineer. 
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Electrolytically  deposited  tin  plate,  passing  through  an  inductor  heater  coil,  is 
heated  to  450  deg.  F  where  it  flows  into  a  smooth  shiny  surface.  The  key  equip¬ 
ment  behind  the  inductor  coils  is  shown  above.  This  three  cubicle  unit  contains 
electronic  rectifier,  oscillator  tube  and  oscillator  circuit.  The  d-c  power  at  17,000 
V  is  fed  to  the  plates  of  the  100  kw  oscillator  tube  where  it  is  converted  into  high 
frequency  alternating  current,  changing  direction  400.000  times  per  secom 


veyor  feed  or  drive  mechan¬ 
ism  may  be  disastrous  to  the 
Itroduct.  This  danirer  may  be 
averted  usinir  induction  heat¬ 
ing. 

•8)  Results  may  he  reproduced 
without  variation.  Handling 
operations  are  reduced  and 
rejects  are  cut  to  a  minimum. 
Induction  heatinjr  lends  itself 
to  automatically  controlled 
processes  because  there  is  no 
noticeable  time  lajr  between 
the  electrical  enerjry  trans¬ 
ferred  to  the  work  and  the 
heat  actually  developed  as  a 
result  thereof. 

Bosic  Principle  of  Induction  Heating 

induction  heatinjr  is  the  process 
"f  ransferrinjr  the  enerjry  in  an  al- 
atinjr  magnetic  field  into  metal- 
li  work  material  and  there  con¬ 


verting  this  energy  into  heat.  The 
work  is  placed  within  a  .solenoidal 
coil  or  winding  •  Fip.  2)  rectanirular 
or  circular  in  cross-section  depend¬ 
ing  upon  whether  tubular  rods  or 
fiat  strips  constitute  the  work  jiicce. 
Hiyh  frecpiency  alternatinjr  current 
is  made  to  flow  through  the  sole¬ 
noidal  coil  windinir,  usually  referred 
to  as  the  inductor  coil,  and  this  in¬ 
ductor  coil  current  .sets  up  a  field  of 
varying  magnetic  flux  which  links 
with  the  work  material  as  in  Fig.  2. 
A  voltage  is  induced  in  the  work  and 
in  accordance  with  Fleming’s  well- 
known  right  hand  rule,  an  electric 
current  tends  to  flow  around  the 
periphery  of  the  work.  This  current 
flowing  through  the  resistance  of 
the  work  produces  heating. 

Frequency  of  variation  of  the  al¬ 
ternating  magnetic  field  is  impor¬ 
tantly  related  to  rate  of  heating. 


According  to  Faraday’s  law  of  in¬ 
duction  the  voltage  around  a  circuit 
through  which  magnetic  lines  of 
force  vary  is  ecpial  to  the  time  rate 
of  change  of  this  flux;  i.e.,  the  vol¬ 
tage  induced  in  the  work  is  propor¬ 
tional  to:  (a)  frequency  of  varia¬ 
tion;  and  (b)  the  total  flux  from  the 
inductor  coil  linking  with  the  work. 

Frequency  Importantly  Influences 
Heating  Effects 

It  is  evident  that  if  the  total  flux 
through  the  work  were  to  remain 
constant  an  increase  in  frequency 
would  always  produce  more  voltage 
and  hence  more  heating  current. 
However,  for  a  given  magnetizing 
force  in  the  inductor  coil,  the  alter¬ 
nating  flux  density  at  the  center  of 
the  work  becomes  less  and  less  with 
increase  of  frequency  and  the  higher 
the  frequency  the  more  pronounced 
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SHORT  CIRCUITING 
BREAKER 


PLATE  POWER 
TRANSFORMER 


Symbol  Legend 

A, 

Air  blcff^er  or  water  pump  and  motor 

Kj  Rectifier  filament  f>ower  starter 

C, 

Plate  tank  capactfor 

Kj  Air  blower  or  wafer  pump  motor  power  starter 

Tj 

Cj  D'C  blocking  capacitor 

K7  Oscillalor  filament  power  starter 

^4 

^3 

Kg  Main  circuit  breaker 

Tj 

C4 

K<j  A-C  overload  relay  , 

T* 

C5 

Cs 

•  Radio  frequency  by  pass 

Ko  Starting  regisfor  short  circuiting  breaker 

L,  Inductor  cod 

T7 

■^8 

T, 

C7 

Lj  Grid  Oouphng  coil 

Cs 

1, 

Lj  Plate  tank  cod 

VT, 

Gnd  ammeter 

C4  Radio  frequency  rejection  cod 

VTj 

b 

Plate  ammeter 

R,.R2aR3  Plate  start  resistors 

VTj 

I3 

Load  ammeter 

Rg  Grid  resistor  for  self  bias 

VTg 

K, 

Mechanical  protective  interlock 

S,  Storting  switch 

VTj 

Kj 

D'C  overload  relay 

$2  Running  switch 

VTg 

Ks 

Air  or  water  protective  Interlock 

Sj  D-C  voltage  disconnect  switch 

VT7I 

K4 

Timina  relay 

S4  D  C  voltage  disconnect  switch 

T,  Plate  power  transformer 

VTg 

4 


Rectifier  filament  transformer 


Oscillator  filament  iransformer 


Rectifier  tube 


OsciHatrr  futue 


Fig.  1 — Schematic  diagram  of  electronic  high  frequency  heating  oscillator 


this  effect  until  at  very  high  fre¬ 
quencies  there  is  alternating  tlux 
only  within  a  skin  layer  at  the  sur¬ 
face  of  the  work.  At  high  fre¬ 
quencies  this  restriction  of  flux 
through  the  work  to  a  thin  surface 
layer  tends  to  offset  the  advantage 
otherwise  gained  by  increasing  fre¬ 
quency,  and  for  a  given  size  work 
there  is  an  optimum  frequency  be¬ 
yond  which  the  advantage  gained 
from  increasing  frequency  becomes 
less  and  less  worthwhile.  For  rigor¬ 
ous  mathematical  analysis  reference 
should  be  made  to  published  litera- 
ture.”  ''  *  * 

Optimum  Frequency  and  Rate 
of  Heating 

The  exact  mathematical  expres¬ 
sion  for  rate  of  heating  can  be  stated 
with  the  aid  of  Bessel’s  functions 
and  hyperbolic  functions,  but  many 


practical  applications  are  dealt  with 
using  simplifying  assumptions.  It 
has  been  shown'"’  that  to  develop  the 
ma,ximum  rate  of  heating  for  a  given 
freipiency  the  diameter  of  a  long 
wire  or  rod  must  be  related  to  fre- 
(piency  by  the  expression : 

i  =  ^  „  X  10‘.  (1) 

M  n- 

wlicre 

/  =  optimum  frefjueiicy  in  cjdes  por  swond 
p  =  resistivity  ohm-ceiitimeters 


Fig.  2  — Diagram  of  inductor  heater  coils 
with  lines  of  magnetic  flux 


a  =  radius  of  wire  or  rod  in  inches 

P  =  etTwtive  magnetic  permeability 

When  the  foregoing  condition  is  .sat- 
isned  the  expression  for  rate  of  heat¬ 
ing  long  wires  and  cylinders  be¬ 
comes  : 

ir  =  0.11)  //.-  p/  X  10  ’  watts  end  2 

where 

//„  =  rms  magnetizing  force  at  surface  of  the 
wire  or  rod 

/  =  optimum  frcHiueney 

p  =  effective  magnetic  permeability 

Similar  expressions,  excejit  for 
the  value  of  the  numerical  constant, 
may  be  developed  for  flat  strip. 

High  Frequencies  for  Thin  Sheets, 
Small  Diameter  Work 

Etjuation  (1)  suggests  that  the 
smaller  the  diameter  of  a  rod  <  anti 
similarly  the  thinner  the  sheet)  the 
higher  the  optimum  fretpiencv. 
The  table  shows  that  for  an  iron  rod 
i  inch  in  diameter  heated  to  a  tem- 
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perature  such  that  ferromagnetism  of  heatinjr  but  are  of  doubtful  value 
is  no  longer  detectable  (permeability  quantitatively  because  they  are  ap- 
equals  unity)  optimum  frequency  is  plicable  only  when  optimum  fre- 
118,000  cycles  and  for  a  wire  inch  quency  is  used,  and  because  it  is  dif- 
in  this  increases  to  7,550,000  cycles,  ficult  to  assign  (for  magnetic  mate- 
It  is  evident  from  Eq.  (1)  that  rials  below  Curie  temperature)  an 
optimum  frequency  for  a  non-mag-  appropriate  value  for  /i,  which  var- 
netic  material  such  as  copper  wire  ies  with  magnetizing  force  through- 
may  be  several  hundred  times  that  out  the  cross  section  of  the  work, 
for  a  magnetic  material.  Al.so,  from 

f)(l.  (2)  if  a  magnetic  material  such  Power  Required  to  Heat  Magnetic 

as  steel  strip  is  heated  to  a  tempera-  . . .  T.mp.r<.f.r. 

ture  beyond  its  Curie  point*  its  rate  For  magnetic  materials  heated  be- 
of  heating  will  suddenly  and  auto-  low  their  Curie  temperature  Rosen- 
matically  drop  because  its  permeabil-  berg'”*  gives  an  appro.ximate  but  use- 
ity  is  reduced  to  unity.  When  the  ful  relationship  based  on  the  condi- 
permeability  drops  optimum  fre-  tion  that  magnetizing  force  is  made 
(piency  will  be  higher.  considerably  in  e.xcess  of  that  cor- 

It  is  interesting  to  note  from  Eep  responding  to  .satuation  flux  den- 
(2)  that  the  rate  of  heating  strip  is  sity  at  the  surface  of  the  w’ork. 
independent  of  its  width  and  if  For  wires  and  flat  sheets  it  is  as- 
therefore  any  fractional  width  strip  sumed  that  the  thickness  of  the  skin 
is  substituted  for  full  width  sheet  of  layer  in  which  most  of  the  magnetic 
the  .same  thickness  the  rate  of  heat-  flux  will  be  found  is  small  compared 
ing  when  passed  through  the  same  to  the  radius  of  the  wire  or  does  not 
inductor  coil  will  be  the  same  in  exceed  half  thickness  of  the  .strip, 
both  cases,  assuming  the  inductor  It  is  often  possible  to  fulfill  these 
coil  maintains  the  same  magnetizing  conditions  and  power  recpiired  is: 
force  at  the  strip  surface.  Even  = '^  X  p  f  (3) 

though  the  high  frequency  power  where 

P  =  watts  cm*  of  work  surface 
p  =  resistivity  in  ohm-ems 

_  /  =  frequency  in  cycles  per  secomJ 

.V  =  rms  ampere-turns  |>er  cm.  leiiRtli  of 
OPTIMUM  FREQUENCY  inductor  coil 

VERSUS  DIAMETER  j  h  =  .saturation  flux  denisty 

FOR  :  It  is  usually  of  practical  interest 

;  IRON  WIRE  HEATED  ABOVE  fi^termine  the  rate  of  heating  per 
I  CURIE  TEMPERATURE  volume,  which  is: 

:  - ■  For  maqnelic  wire 

DIAMETER  OPTIMUM  ,  r-j- 

IN  FREQUENCY  ■  »' =  Vp/A^f  x  Kr '  (\) 

INCHES  CYCLES  SEC.  .  „  Np;.>/xio 

"2a''  "i"  For  magnetic  strip 


Electronic  rectifier  in  which  the  alternat¬ 
ing  current  is  converted  into  direct  current 


watts  cm’  =  rate  of  tieatiiiK 
radius  of  wire  in  inches 
thickiu*ss  of  strip  in  inches 


Water  cooled  oscillator  tube  (above  and 
tank  circuit  (below)  for  generating  power 
at  200  k.c. 


Electronic  Type  High  Frequency 
Generators 

Although  new  to  induction  heat¬ 
ing  the  industrial  electronic  type 
generator  is  actually  a  variation  of 
the  high-power  vacuum  tube  etjuip- 
ment  developed  for  radio  communi¬ 
cation  and  radio  broadcasting.  It 
is,  therefore,  already  developed  to  a 
high  state  of  dependability.  It  is 
consistent  in  iierformance,  stable  in 
operation,  callable  of  remote  control 
and  rapid  adjustment  of  power  out¬ 
put.  with  provision  for  automatic 
protection  against  overload  or  dam¬ 
age  to  eciuipment  from  improper  op¬ 
erations.  The  high  freipiency  elec- 
{Continned  mi  pfif/e  189) 


source  is  capable  of  supplying  jxiwer 
tor  the  necessary  heating  effect,  the 
fractional  width  strip  must  be  run 
through  the  inductor  coil  at  the  same 
s!)eed  as  the  full  width  strip  if  the 
'ume  heating  effect  is  to  be  obtained. 

E(iuations  il)  and  (2)  are  help- 
ltd  in  understanding  how  frequency, 
’hickness  of  the  work,  permeability, 
iiul  resistivity  are  related  to  rate 
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PLANT  PROCEDURE 
for  Expediting  War  Production 


New  method  of  tracing  orders,  checking  production  schedules,  estahlishing  inforinatioii 
center  for  customers'  inquiries,  and  classification  of  materials  according  to  priority  use. 
expedite  production.  Makes  available  statistical  data  required  for  obtaining  new  raw 
materials  on  priority.  Method  adaptable  to  use  by  many  medium  size  plants 

IN  an  industrial  nation  and  hav-  job  at  hand,  has  tended  to  decrease  to  a  few  individuals  who,  in  turn, 
ing  as  complex  an  economic  sys-  efficiency  rather  than  increase  it.  must  direct  the  activities  of  a  rather 
tem  as  that  of  the  United  States,  Because  of  increasingly  heavy  bur-  large  group  of  clerical  and  factory 
total  war  requires  that  all  available  dens,  plant  managers  and  executives  workers, 

facilities — whether  they  be  man-  must,  therefore,  be  all  the  more  on  The  problem  of  production  under 
power,  production  facilities,  or  raw  the  look  out  for  any  and  all  oppor-  present  conditions  includes  the 
materials — be  carefully  and  wisely  tunities  to  operate  more  effectively  necessity  for  giving  i)referential 
integrated  toward  achieving  the  and  more  efficiently  than  before.  treatment  to  certain  types  of  orders, 

maximum  result  with  the  minimum  Alden  Products  Company,  Brock-  at  the  same  time  keeping  the  plant 
disruption  of  ordinary  requirements,  ton,  Mass.,  have  devised  record  at  utmost  efficiency  for  handling 
Increase  in  individual  plant  and  in-  methods  and  systems  which  not  only  other  orders  of  considerable  import- 
dustry  efficiency  are  goals  to  be  check  and  expedite  their  production,  ance.  In  one  way  the  problem  is 
striven  for  under  such  circum-  giving  the  customer  and  manage-  analagous  to  the  operation  of  a  rail- 
stances.  Still,  with  reconversion  of  ment  a  quick  and  accurate  report  road.  The  regular  passenger  and 
entire  industries,  and  an  exceedingly  on  the  status  of  any  order,  but  freight  trains  must  be  maintained 
rapid  expansion  of  all  types  of  pro-  which  also  are  designed  to  have  on  schedule  and  with  the  least  po.s- 
duction,  many  of  which  are  more  or  available  at  all  times  statistical  in-  sible  interruption.  At  the  .same  time 
less  foreign  in  our  peace-time  re-  formation  which  may  be  required  as  it  may  be  necessary  under  certain 
quirements,  efficiency  does  not  come  a  result  of  priority  or  other  govern-  conditions  to  sidetrack  or  tempo- 
by  itself,  nor  does  it  come  automati-  ment  regulations.  The  system  ap-  rarily  slow  down  such  regular  serv- 
cally.  Indeed,  in  many  cases  the  pears  to  be  adaptable  to  other  manu-  ices  to  facilitate  the  handling  of  troop 
rapid  expansions  w'hich  have  been  facturers  of  relatively  small  size  or  other  trains  having  greater  mili- 
under  way,  the  necessity  for  em-  (employing  50  to  500  per.sons)  who  tary  importance  or  immediate  neces- 
ploying  new  personnel,  the  necessity  manufacture  a  wide  variety  of  sim-  sity. 

for  training  this  personnel  for  the  ilar,  yet  different,  items  of  the  same  In  establishing  a  sy.stem.  of  pro- 

general  type.  It  has  the  further  ad-  duction  control  and  analysis  which 


60 


January  1943  —  KLKCTKOINIC^ 


r«.i  j  ~ _ 

rf  - 


First  page  oi  "Action  List",  with  per¬ 
spective  drawing.  The  Action  List 
shows  the  number  oi  parts  required 
to  fill  the  order,  how  many  are  in  stock, 
how  many  items  must  be  manufactured. 
On  basis  oi  such  data  anticipated  de¬ 
livery  dates  can  be  set  up.  The  per¬ 
spective  drawings  are  useful  in  en¬ 
abling  even  inexperienced  personnel  to 
select  proper  stock  parts  and  to  assem¬ 
ble  these  parts  correctly 
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manufactured,  raw  materials  re¬ 
quired,  and  wages  and  salaries,  two 
requirements  must  be  fulfilled.  First 
of  all,  any  such  system  must  actually 
keep  accurate  record  of  the  manu¬ 
facturing  operations,  stock  on  hand, 
.stock  requirements,  production  fa¬ 
cilities,  and  labor  facilities  which  are 
to  be  employed  in  the  various  opera¬ 
tions.  Second,  to  meet  current  needs, 
it  must  also  make  provision  for  sup¬ 
plying  the  data  required  during  the 
last  few  years  as  a  result  of  more 
.stringent  government  control  and 
regulation  of  industry.  This  require¬ 
ment  frequently  has  been  burden¬ 
some  because  of  the  rather  heavy 
overhead  and  expensive  clerical  work 
involved,  particularly  when  such  an 
operation  was  effected  as  a  separate 
and  individual  statistical  agency. 
Fertain  economies  in  time  and  per¬ 
sonnel  can  be  effected  through  the 
proper  and  judicious  combination  of 
both  of  the.se  essential  functions, 
and  a  method  which  meets  both  re¬ 
quirements  simultaneously  is  the 
subject  of  this  article. 
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An  additional  and  important,  al¬ 
though  subsidiary,  feature  of  this 
particular  method  of  production  con¬ 
trol  is  the  means  employed  to  enable 
new  and  inexperienced  personnel  to 
correctly  select  from  stock  and  as¬ 
semble  partially-manufactured  prod¬ 
ucts  and  sub-assemblies.  This  is  an 
important  advantage  under  present 
conditions  of  rapidly  expanding 
l)lant  and  personnel. 

To  assure  that  any  system  which 
would  be  established  would  not  be 
too  involved,  Alden  first  hail  to  de¬ 
vise  a  simple  formula  which  would 
reduce  operations  to  a  minimum. 
Although  the  company  makes  42  sep¬ 
arate  products  in  its  regular  line, 
many  of  these  are  items  of  similar 
general  nature  but  with  specific 
modifications  or  variations.  As  an 
example,  ten  products  may  be  varia¬ 
tions  of  a  certain  basic  .socket,  five 
others  variations  of  another  basic 


socket.  For  purposes  of  simplifica¬ 
tion,  the  425  products  have  been 
grouped  into  25  classifications,  each 
of  which  includes  similar  types  of 
manufacturing  operations  and/or 
parts,  and  around  which  all  stock, 
bookkeeping  and  production  opera¬ 
tions  are  built. 

This  procedure  introduces  certain 
unusual  techniques.  For  example,  in¬ 
stead  of  having  a  common  stockroom 
for  all  production,  there  are  in  ef¬ 
fect  25  stockrooms.  All  parts  nece.s- 
sary  for  the  manufacture  of  any 
product  in  cla.ssification  A  wilt  be 
found  in  one  group  of  bins;  parts 
needed  to  make  any  product  in  classi¬ 
fication  B  will  be  in  another  group  of 
bins,  and  so  on.  Even  though  some 
springs,  for  example,  may  be  com¬ 
mon  to  several  classifications,  a  sep¬ 
arate  inventory  of  these  springs  is 
kept  in  the  stock  bins  of  each  group, 
and  mav  not  be  used  in  the  manu- 
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Final  control  sheet,  showing  customer's  order,  dates  on  which  shipments  were 
made,  stock  parts  used,  rating  and  end  uses  ol  items  (which  is  useful  in  deter¬ 
mining  priority  of  new  raw  materials  required),  and  production  flow  of  material 


facture  of  products  in  other  groups. 
The  amounts  of  inventory  carried  in 
each  stock  bin  first  was  determined 
by  a  study  of  the  sales  records  of 
products  in  each  classification  and 
is  periodically  studied  and  changed 
if  requirements  increase  or  decrease. 

The  control  system  may  be  ex¬ 
plained  most  readily  by  means  of  the 
rtow  diagram  in  which  the  order  fol¬ 
lows  through  progressive  stages  in  a 
logical  sequence.  While  the  diagram 
indicates  in  general  the  steps  re¬ 
quired,  a  di.scussion  of  each  of  the 
setups  will  help  to  indicate  more 
fully  the  operation  taking  place. 

The  incoming  order  is  recorded  on 
a  log  sheet  for  the  day,  given  a  serial 
number  and  checked  to  make  certain 
that  all  necessary  drawings,  specifi¬ 
cations  and  other  pertinent  data  have 
been  received.  A  3  x  5  inch  card,  de- 
.scribed  later,  is  filled  in  and  directed 
to  the  customers’  relations  clerk  (po¬ 
sition  No.  2)  and  the  order  sent  on 
to  position  No.  3. 

The  log  sheet  is  a  running  daily 
record  of  all  orders  and  contains  in¬ 
formation  designed  to  give  anyone 
a  quick  yet  accurate  picture  of  the 
flow  of  business  into  the  plant.  Thus, 
after  an  absence  of  five  days,  an 
executive  in  a  few  minutes  can  .scan 
five  sheets  and  know  what  orders 
have  been  received,  from  whom,  in 
what  quantities,  with  what  priori¬ 
ties,  with  what  specified  delivery 
dates. 

At  position  No.  3  the  drawings 
and  specifications,  if  any,  are 


checked  to  make  certain  they  are 
complete,  accurate  and  in  accordance 
with  those  of  the  manufacturer.  The 
order,  together  with  drawings  and 
accompanying  material,  is  inserted 
in  a  red  folder  which  hereafter  will 
receive  all  correspondence,  wires, 
memos  and  forms  pertaining  to  it. 
When  the  order  has  been  completed 
and  shipped,  the  folder  is  filed;  if 
any  question  later  arises  about  the 
job,  all  facts  are  available. 

Here,  at  position  No.  3,  a  four- 
page  “Action”  form  and  perspective 
drawings  are  placed  in  the  job 
folder.  This  form  is  designed  to  con¬ 
tain  a  brief  history  of  the  job  and 
is  shown  on  page  61.  The  last  page 
of  the  form  is  in  which  .specifi¬ 
cations  and  tolerances  are  checked, 
filled  in,  and  the  folder  is  sent  on  to 
position  No.  4. 

The  use  of  perspective  drawings 
is  a  feature  of  this  .system.  These 
are  made  to  scale  and  give  a  picto¬ 
rial  representation  of  the  component 
parts  as  well  as  of  the  finished  prod¬ 
uct.  Each  individual  part  shown  on 
the  drawing  is  numbered  with  its 
stock  designation.  The  quantity  of 
such  part.s’  needed  for  each  unit  of 
product  is  also  marked  on  the  draw¬ 
ing.  The.se  data  insure  that  the  ex¬ 
act  part  called  for  is  used  in  the  as- 
.sembly  operation.  Wiring  diagrams 
are.  included  if  neces.sary;  if  the 
product  is  a  standard  part  with  some 
customer,  that  customer’s  name  and 
part  number  are  shown.  There  is 
such  a  drawing  for  each  of  the  425 


products  in  the  Alden  line,  and  for 
each  product  made  on  special  order. 

Such  a  practice  always  is  advan¬ 
tageous  to  a  company  that  makes 
many  products  which  are  slight  vari¬ 
ations  of  others,  but  it  is  particularly 
helpful  at  this  time,  when  precise 
controls  on  materials  are  necessary 
and  when  greatly  increased  busine.ss 
requires  the  use  of  inexperienced  as¬ 
sembly  help.  Since  a  worker  can  see 
what  each  part  looks  like  and  also 
has  the  part  number  as  a  guide, 
chances  of  using  the  wrong  item  are 
minimized.  Moreover,  the  picture 
of  the  completed  product  is  added  as¬ 
surance  of  proper  assembly.  The 
cost  of  preparing  the  drawings  and 
prints  is  more  than  offset  by  these 
advantages  in  the  Alden  operation. 

At  position  No.  4,  where  the  job 
folder  now  rests,  the  order  is  broken 
down  into  individual  parts  or  oper¬ 
ations  necessary  for  completion. 
Here  are  2,000  perpetual  inventory 
cards  on  the  many  parts  used  in  the 
various  products,  containing  a  run¬ 
ning  record  of  the  quantity  of  each 
part  on  hand,  on  order,  and  necessary 
for  completion  of  work  in  progress. 
VV’ith  this  information  the  clerk  can 
tell  if  there  is  a  sufficient  quantity 
of  each  part  available  for  completion 
of  the  order,  or  how  fast  that  part 
is  coming  in.  Before  the  war,  any 
part  could  be  made  or  purcha.sed 
quickly  and  easily;  large  and  con¬ 
tinuous  inventories  were  not  neces¬ 
sary.  As  a  result  of  unusual  war 
time  conditions  in  the  metal  and 
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plastic  fields,  it  now  is  necessary  to 
maintain  large  inventories  and  to 
have  quantities  of  each  part  coming 
in  on  regular  schedule. 

The  clerk  then  starts  to  fill  in  the 
“Action  List”,  or  page  1  of  the  “Ac¬ 
tion”  form,  showing  how  many  of 
each  part  is  required  on  the  order, 
how  many  are  in  stock,  and  if  neces¬ 
sary  how  many  must  be  bought  or 
made. 

On  the  basis  of  the  normal  or 
weekly  production  for  such  items,  an 
estimate  can  be  made  of  the  length 
of  time  required  to  manufacture  or 
purcha.se  the  items  required  and  tliis 
also  is  entered.  At  this  point  a  tenta¬ 
tive  planning  and  production  sched¬ 
ule  is  being  set  in  motion,  because 
the  clerk  al.so  has  shown  on  the  Ac¬ 
tion  List  the  work  to  be  done  on  the 
order  by  the  various  shop  depart¬ 
ments. 

The  material  in  the  folder  then  is 
checked  for  accuracy  and  to  insure 
that  all  the  information  required  by 
the  stockroom,  shop  and  other  de- 
paitments  is  present. 

The  folder  now  goes  to  the  Plan¬ 
ning  Department  (position  No.  6), 
which  is  concerned  with  getting  the 
order  completed  and  ready  for  ship¬ 
ping  as  quickly  as  possible.  After 
Consultation  with  shop  foremen,  the 
hoad  of  the  Planning  Department 
must  so  schedule  the  work  in  various 
departments  that  the  required  mate- 
liuls  will  be  manufactui'ed  and  on 
hand  in  each  department  wfien  it  is 
1'  ‘dy  to  start  on  the  job.  Thus,  the 
•  ’  "ching  Department  must  be  turn- 
i:  '  out  its  part  of  the  job  at  the 


right  time  and  in  sufficient  quantity 
so  as  not  to  hold  up  the  Molding  De¬ 
partment  when  it  is  ready,  and  the 
Molding  and  Wire  Departments  must 
be  delivering  to  the  assembly  de¬ 
partment  when  the  latter  is  ready. 
An  essential  operation  here-  is  to  see 
that  the  various  production  facilities 
are  utilized  .so  as  to  keep  all  of  them 
uniformly  loaded  in  .so  far  as  po.s- 
sible,  and  consequently  a  card  record 
of  the  .scheduled  activity  of  each  ma¬ 
chine  or  unit  (which  might  be  a 
group  of  as.sembly  employees)  in  the 
plant  is  maintained. 

Knowing  how  and  when  each  de¬ 
partment  will  be  able  to  complete  its 
part  of  the  order,  the  Planning  De¬ 
partment  is  in  a  position  to  fix  de¬ 
livery  date.s.  This  information  is 
entered  on  page  2  of  the  Action  form, 
and  the  customers’  relations  clerk 
notified.  The  Planning  Department 
then  enters  the  order  and  production 
schedule  on  the  appropriate  produc¬ 
tion  planning  sheet.  There  are  25 
of  the.se  sheets,  one  for  each  product 
classification,  and  they  show  the  de¬ 
tails  of  the  order,  the  production 
schedule  requested  by  the  customer, 
the  schedule  determined  by  the  Plan¬ 
ning  Department,  and  the  actual 
shipments  made  each  day,  week  and 
month.  This  latter  information,  of 
course,  is  furnished  by  the  shipping 
department  daily  as  shipping  begins. 

Whereas  up  to  this  point  only  the 
quantities  on  order  have  been  in¬ 
volved.  dollar  values  now  begin  to  be 
figured.  The  price  of  the  product  on 
order  is  listed  on  the  planning  sheet 
with  the  value  of  daily  shipments. 


The  planning  operation  having 
been  completed  and  production 
schedules  set,  the  folder  now  goes  to 
the  Shop  Department  and  shop  or¬ 
ders  are  issued.  These  indicate  the 
dates  when  the  various  parts  will  be 
required  for  production  or  as.sembly 
of  the  order,  and  shows  each  shop 
department  just  when  and  in  what 
quantities  it  will  receive  needed  sub- 
as.semblies  from  other  departments. 
It  confirms  the  necessity  of  making 
any  new  part  in  the  shop  or  of  buy¬ 
ing  materials  from  the  outside. 

After  the  shop  order  is  issued  the 
red  folder  with  its  array  of  sheets 
goes  to  the  purchasing  department 
who  orders  the  raw  materials  re¬ 
quired,  if  any.  In  ordering  this  raw- 
material  the  purchasing  agent  is 
enabled  to  charge  such  items  di¬ 
rectly  against  the  priority  or  direc¬ 
tive  applying  to  the  specific  order  at 
hand.  To  ascertain  that  the  mate¬ 
rials  which  are  purchased  on  the 
outside  will  be  received  in  time  that 
they  may  be  processed  as  required 
by  the  order,  a  shipping  material 
schedule  is  made  out  and  included 
with  each  of  the  orders  for  raw- 
material  which  must  be  purchased 
from  outside.  The  information 
called  for  on  the  shipping  material 
schedule  is  as  follows:  (1)  The 
deadline  date  and  the  unit  needed  in 
the  processing  factory,  (2)  the  date 
and  units  of  definitely  promised  de¬ 
livery  from  the  outside  agent  from 
which  the  material  is  purchased,  and 
(3)  the  date  and  quantity  by  which 
the  requested  dead  line  migh  be 
(Continued  on  pofje  1R8) 
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Dr.  Zworykin  and  Dr.  lames  Hillyer.  and  the  new  table-model 
electron  microscope.  It  is  16  inches  long  and  capable  of  mag¬ 


nification  of  100.000  times.  The  background  illustration  shows 
the  pearlite  structure  of  steel  as  seen  through  the  microscope. 


IT  has  often  been  remarked  that  tion  of  any  microscope  is  set  by  fact,  however,  the  peculiarities  of  R 

progress  in  science  is  not  uni-  the  wavelength  of  the  radiation  em-  the  lenses  employed  to  form  electron  V 

form  and  gradual,  but  takes  place,  ployed.  Thus,  the  wavelength  of  vis-  images  are  such  as  to  limit  the  reso-  il 

rather,  in  spurts,  initiated  by  radi-  ible  light  being  about  a  fifty-thou-  lution  to  separations  of  the  order  of  1 

cal  new  departures  in  theory  or  in  sandth  of  an  inch  in  length,  the  a  ten-millionth  of  an  inch,  i.e.,  to  de-  ] 

technique.  The  electron  micro.scope  finest  detail  resolvable  by  a  light  tail  up  to  a  hundred  times  as  fine  J 

may  well  be  regarded  as  a  develop-  miscroscope  is  approximately  a  hun-  as  that  resolved  by  a  good  light 

ment  of  this  type,  exceeding  in  dred-thousandth  of  an  inch.  The  em-  microscope.  Correspondingly,  while  § 

*power,  as  it  does,  the  familiar  light  ployment  of  invisible,  ultraviolet,  light  micrographs  with  a  magnifica-  1 

microscope  of  today  by  a  factor  of  light  results  in  an  improvement  in  tion  of  a  thousand  may,  in  general,  i  | 

the  .same  order  as  that  by  which  resolution  by  a  factor  of  about  two.  be  expected  to  reveal  all  the  avail-  j  ■ 

good  modern  light  microscopes  ex-  On  the  other  hand,  fast  electrons  able  detail,  ultimate  magnifications 
cel  those  of  three  centuries  ago.  may  be  regarded  as  a  radiation  with  of  a  hundred-thousand  may  be  re-  ^ 

The  natural  measure  of  the  per-  a  very  much  shorter  wavelength;  if  quired  to  accomplish  the  same  pur-  n 

formance  of  any  microscope  is  its  these  particles  have  been  accelerated  pose  in  the  electron  micro.scope.  I  | 

resolving  power  or  its  capacity  to  through  a  potential  difference  of  50  Electrons  are  very  readily  scat-  |  : 

distinguish  fine  detail  in  an  object;  kv,  the  wavelength  is  only  a  five-  tered  and  ab.sorbed  by  matter.  As  a  1 

it  is  normally  a  minor  matter  to  billionth  of  an  inch.  This  might  consequence,  electron  microscopes  f 

make  the  magnification  of  the  in-  suggest  the  pos.sibility  of  attaining  must  be  carefully  evacuated  and  the  f  1 

strument  large  enough  that  all  the  a  resolving  pow’er  adequate  to  dis-  object  mounted  in  an  exceedingly 

detail  resolved  by  it  may  al.so  be-  tinguish  details  of  single  atoms,  thin  layer,  one  hundred-thou.sandth  m 

come  distinguishable  by  the  human  which  are  about  fifty  times  as  large  of  an  inch  or  less  in  thickness,  .so  1 

eye.  The  ultimate  limit  of  resolu-  as  this  wavelength  in  diameter.  In  as  to  transmit  practically  all  the  a 
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(■Nrtroiis  incident  on  it.  It  i.s 
liiithermore  obviou.s  that 
^■nse.s  cannot  serve  to  focus  the  elec¬ 
trons.  This  is  accomplished  instead 
•>v  stronjr  axially  .symmetric  majr- 
ii'fic  fields  formed  by  suitably  de- 
-■iinied  iron-encased  coils  carryinjr 
'“h'ctric  current.  Otherwise  the 
■  loctron  microscope  closely  resem- 
the  lipht  microscope  in  plan. 


lOlectrons  leavinj;  a  hot  tungsten 
filament  are  concentrated  by  a  majjr- 
netic  condenser  lens  on  the  object, 
I)laced  just  above  the  magnetic  ob¬ 
jective.  The  object  .scatters  these 
electrons,  the  decree  of  .scatterinjr 
depending  on  the  thickness  and 
density  of  the  object  portion  con¬ 
sidered.  Only  the  electrons  which 
are  either  unscattered,  or  deflected 


*  ROiMdS  —  January  1043 


ELECTRON  MICROSCOPY 


in  Chemistry 


111  this  |)a|K‘r  deliveren  lK*fore  a  joint 
iiieetiiij;  of  the  National  Industrial 
(diemieai  (lonferenee  and  the  ('hieajjo 
Seetion  Aineriean  (dieinieal  Soeiety  Dr. 
Zworykin  <les<*rihe<l  the  applieations  of 
llie  eleetron  inieroseope  to  ehemieal  re- 
seareh.  He  also  deserihed.  briefly,  a 
iiiiieh  smaller,  less  expensive  model 
thus  hrin^in^  the  electron  inieroseope 
into  a  new  field  of  nsefniness 


By  DR.  VLADIMIR  K.  ZWORYKIN 


.ifKoi-iiilr  Ihrcctor,  J{(\A  Lithiinilorim 
rriim  toii,  .V.  ,1. 


Diiiraction  pattern  of  a  single  silicon 
crystal  permitting  determination  of  lattice 
constants  to  within  three-tenths  percent 


Electron  diiiraction  pattern  oi  zinc  oxide 
smoke  ((leit) 


Method  oi  introducing  the  object  cartridge 
into  the  electron  microscope  (below) 
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Simple  scanning  microscope  for  continuous  observation 


ited  in  their  performance,  but,  in  complete  instrument  stands  about  7 
addition,  required  special  technical  feet  hijrh  and  requires  about  5 
skills  for  their  operation  and  main-  square  feet  of  floor  space.  All  of  the 
tenance.  Furthermore,  they  were  power  is  derived  from  j^he  110-volt 
exceedingly  sp^ce-consuming,  an  ex-  a-c  line,  the  complete  transforming, 
tra  room  being  generally  needed  for  rectifying  and  establizing  equip- 
the  electrical  accessory  equipment,  ment  being  contained  in  the  cabi- 
All  these  difficulties  have  been  over-  net  at  the  rear.  The  most  important 
come,  largely  through  the  applica-  single  factor  in  the  reduction  of  the 
tion  of  novel  design  principles,  in  bulk  of  the  equipment  consists  in 
the  RCA  electron  microscope.^  The  the  employment  of  radio  frequencies 


ELECTRON  SOURCE 


Overall  view  of  the  RCA  electron  micro¬ 
scope 


but  slightly,  are  able  to  pass  through 
the  objective  and,  thus,  to  contribute 
to  the  formation  of  the  intermediate 
electron  image  of  the  object.  The 
electron  density  distribution  in  this 
image  is  related  to  the  distribution 
of  mass  thickness  in  the  original  ob¬ 
ject.  A  small  central  section  of  the 
intermediate  image,  which  itself  has 
a  magnification  of  the  order  of  a 
hundred,  is  magnified  by  a  further, 
similar  factor  by  the  magnetic  pro¬ 
jector  lens,  which  forms  the  final 
image  either  on  a  fluorescent  screen, 
for  direct  viewing,  or  on  a  photo¬ 
graphic  plate,  for  permanent  rec¬ 
ord.  The  image  on  the  plate  is  in 
general  so  sharp,  that  an  optical  en¬ 
largement  must  be  prepared  from 
it  to  make  all  of  the  detail  present 
on  it  visible  to  the  unaided  eye. 

The  first  attempts  at  realizing  in¬ 
struments  of  this  general  character 
took  place  about  ten  years  ago.'  As 
might  be  expected,  the  earlier  in¬ 
struments"®  not  only  were  more  lim- 
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SCREEN 

IPHOTOCtAFHIC  PlATtI 


Ray  paths  in  the  electron  microscope  used 
as  an  electron  diffraction  camera 


Diagram  of  light  microscope 
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for  the  generation  of  the  high  volt¬ 
age,  greatly  decreasing  the  size  of 
the  transformer  and  of  the  filter 
elements  and  permitting  their  place¬ 
ment  in  the  immediate  proximity  of 
the  microscope  column. 

All  of  the  electrical  controls  of 
the  instrument  are  mounted  on  a 
panel  behind  the  microscope  proper 
and  may  thus  be  reached  by  the  ob¬ 
server  in  a  seated  position.  These 
not  only  control  the  voltage  and  the 
electron  beam  current,  but  also  the 
focusing  and  the  magnification,  the 
latter  two  quantities  being  deter¬ 
mined  by  the  currents  in  the  objec¬ 
tive  and  projector  coils. 

At  the  top  of  the  column  is  the 
insulated  electron  source,  to  which 
the  high  voltage  is  applied.  Sets  of 
adjustment  screws  permit  the  per¬ 
fect  alignment  of  the  beam  issuing 
from  the  source  with  the  optics  of 
the  instrument.  These  are  the  three 
magnetic  len.ses,  that  is,  the  con¬ 
denser,  objective,  and  projector 
len.ses.  Between  the  condenser  and 
objective  the  object  chamber  is  lo¬ 
cated.  This  is  provided  with  an  air¬ 
lock  mechanism  which  permits  the 
introduction  of  the  object,  placed  in 
a  suitable  cartridge,  without  break¬ 
ing  the  vacuum.  Just  above  the  pro¬ 
jector  lens  is  a  small  fluore.scent 


screen,  on  which  the  intermediate 
image  may  be  observed  through  a 
port  in  the  microscope  column.  Be¬ 
low  the  projector  lens  is  the  viewing 
chamber  with  six  ports  for  binocu¬ 
lar  observation  of  the  final  image  by 
three  persons  simultaneously.  The 
fluore.scent  screen  on  which  the  final 
image  is  ob.served  .serves  at  the  same 
time  as  a  shutter  for  exposing  a 
photographic  plate  placed  below  it. 
An  airlock  is  provided  for  the  intro¬ 
duction  of  photographic  plates  into 
the  instrument 'without  admitting 
air  into  the  microscope  column. 

It  is  possible,  in  principle,  to  re¬ 
place  the  magnetic  len.ses  by  electro¬ 
static  lenses.  In  fact,  micro.scopes 
employing  such  len.ses  have  been 
constructed  and  operated."  However, 
certain  serious  drawbacks  of  the 
electrostatic  electron  microscope — 
among  them,  the  extreme  sensitivity 
of  the  lens  action  to  contaminations 
of  the  lens  electrodes  and  the  closer 
limitation  of  the  magnification  at¬ 
tainable  at  a  given  operating  volt¬ 
age — have  given  the  magnetic  micro¬ 
scope  preeminence. 

The  object  support  normally  con¬ 
sists  of  a  disk  of  fine-meshed  wire 
screen  over  which  a  very  thin  cellu¬ 
loid  film,  about  one  two-millionth 
inch  in  thickness,  is  stretched.  The 


specimen  is  usually  prepared  as  a 
suspension  in  water,  a  droplet  of  the 
suspension  being  placed  on  the  cellu¬ 
loid  film  and  permitted  to  dry.  If 
the  specimen  is  in  the  form  of  a 
dust  or  smoke,  it  may  be  caught  di¬ 
rectly  on  the  wire  mesh,  even  with¬ 
out  the  celluloid  film;  the  dust  par¬ 
ticles  will  then  adhere  to  the  edges 
of  the  mesh  wires  and  project  in 
part,  supporting  each  other  mu¬ 
tually,  into  the  free  space.  In  either 
case  the  object-supporting  disk  is 
inserted  in  a  small  cartridge,  which 
may  be  introduced  into  the  object 
chamber.’  A  simple  manipulation 
then  brings  it  into  position  above 
the  objective  lens — the  operation  of 
exchanging  an  object  in  this  manner 
causes  an  interruption  of  the  obser¬ 
vations  by  only  one  minute. 

Very  extensive  research  has  been 
carried  on  with  the  aid  of  the  elec¬ 
tron  micro.scope  in  bacteriology  and 
related  fields  in  biology  and  medi¬ 
cine.  Yet,  the  electron  microscope 
has  proved  quite  as  effective  in  many 
branches  of  chemistry  which  are 
more  particularly  our  present 
concern. 

Consider,  fir.st  of  all,  dusts  and 
smokes  of  various  kinds.  They  may 
constitute  simply  a  health  hazard; 
on  the  other  hand,  they  may  also 
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Scanning  microscope  using  multiplii 
facsimile  recorder 


MEANS  FOB  SYNCMRONIZINC  SCANNING 


ELECTKOMCS  — January  1943 


find  application  as  preservatives,  Fineness  of  division  or  surface 
pigments,  insecticides,  chemical  re-  area  are  also  factors  of  great  im- 
agents,  and  catalysts.  In  all  cases  portance  in  many  pharmaceutical 
importance  attaches  to  the  shape  preparations  which  are  colloidal  sus- 
^  and  size  distribution  of  the  indi-  pensions.  A  familiar  antiseptic  of 
vidual  particles  which,  more  com-  this  type  is  mercurochrome  the 
#  monly  than  not,  are  too  small  to  per-  individual  particles  of  which  are  far 
mit  a  determination  of  these  factors  too  small  to  be  distinguished  by  a 
with  the  light  microscope.  light  microscope.  Another  mercurial 

One  of  the  most  interesting  preparation,  merthiolate,  exhibits 
smokes  at  the  present  moment  is,  in  comparably  fine  dispersion, 
view  of  the  rubber  situation,  car-  The  electron  micro.scope  has  also 
bon  black.  The*  effectiveness  of  found  application  in  ceramic  re 
finely  divided  carbon  as  a  reinforc-  search.  Thus,  it  has  been  used  to 
Cub*-lik*  particles  of  magnesium  smoke  ing  agent  of  rubber  is  known  to 

its  fineness  |  -  '  .  *  .  •  ,  •  j 


depend  very  largely  on 
of  division.  Its  most  important 
source  is  the  partial  combustion  of 
natural  gases.  It  is  a  highly  in¬ 
homogeneous  collection  of  particles 
obtained  from  a  natural  gas  flame, 
if  no  precaution  is  taken  to  derive 
all  of  the  carbon  from  the  same  por¬ 
tion  of  the  flame.  By  contrast  the 
carbon  black  derived  from  a  cam¬ 
phor  flame  has  a  highly  homo¬ 
geneous  distribution,  the  individual 
particles  being  approximately  spher¬ 
ical  and  about  two  millionths  of  an 
inch  in  diameter. 

Most  metal  smokes  have  very 
typical  particle  shapes,  characteristic 
of  their  crystal  structure.  A  familiar 
example  is  magnesium  smoke.  Here 
the  individual  particles  are  cubes, 
oriented  in  all  possible  ways  with 
respect  to  the  plane  of  the  micro¬ 
graph.  Zinc  smoke  particles,  pre¬ 
pared  by  burning  zinc  in  an  oxidiz¬ 
ing  flame,  on  the  other  hand,  consist 
primarily  of  four  fine  spikes  joined 
together  at  the  center. 

Frequently  an  electron  micro¬ 
graph  of  a  sample  indicates  very 
directly  and  convincingly  the  reason 
for  peculiar  physical  or  chemical 
properties  exhibited  by  the  material 
in  question.  Thus,  a  certain  lot  of 
calcium  carbonate  showed  unusual 
chemical  activity.  Examined  with 
the  electron  microscope  the  indi¬ 
vidual  i)articles  appeared  strongly 
corrugated  and  even  porous,  endow¬ 
ing  them  with  an  unusually  large 
surface  area.  Again,  two  lots  of 
lead  arsenate  were  examined,  which 
differed  greatly  in  their  effective¬ 
ness.  The  electron  microscope 
showed  that  the  first  of  these,  which 
had  proved  an  excellent  insecticide 
of  great  covering  power,  was  made 
up  of  particles  in  the  form  of  ex¬ 
tremely  thin,  small  plates  while  the 
less  effective  material  consisted  of 
relatively  thick,  granular  particles. 


Zinc  •moke  particles  consist  oi  iour  fine 
spikes  Joined  together.  X  10,500 


Strongly  corrugated  and  porous  particles 
oi  calcium  carbonate.  X  30.000 


Effect  oi  varying  voltage  on  the  electron 
microscope.  Aluminum  oxide  monohy 
drate  (diaspore)  scales  taken  at  30  to  200 
kv.  X  5500 


study  dehydration  and  disintegra¬ 
tion  processes  of  caolin  with  incrca.'^- 
ing  temperature. 

The  electron  miscroscope  can 
profitably  be  utilized  in  a  multiplicity 
of  other  branches  of  chemistry.  To 
mention  only  mineralogy,  it  should 
prove  valuable  for  the  surveillance 
of  the  grinding  of  ores  as  well  as  of 
wastes.  Its  application  will  explain 
(Continued  on  page  190) 


Lead  arsenate.  Good  insecticide  particles 
are  in  thin,  small  plates.  X  27,500 
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REACTANCE  NETWORKS 

with 

RESISTANCE  TERMINATIONS 


A  general  treatment  of  bisectable  reactance  networks  with  equal  resistance  terminations, 
especially  with  the  reactors  ideal;  illustrated  by  working  out  the  detailed  jterformance  of 
four-element  networks  commonly  used  for  simple  low-pass  purposes.  Illustrative  curves 
and  numerical  examples  are  given  for  determining  the  reactor  elements  required  to  produce 
a  specified  curve,  and  for  determining  the  curve  corresponding  to  a  given  set  of  elements 


Many  electrical  circuits  consist 
of  a  bisectable  symmetrical* 
network  of  reactor  elements  inserted 
between  two  equal  resistance  termi¬ 
nations.  These  are  exemplified  by 
the  simple  but  important  arrange¬ 
ment  of  Fig.  lA,  where  the  network 
comprises  the  reactor  elements  L,. 
C\  and  Ct,  and  the  driving  voltage 
E  in  the  sending  arm  R  produces  an 
output  current  /,  in  the  receiving 
arm  which  is  also  a  resistor  R.  Also 
indicated  is  the  first  half  portion 
of  the  system  resulting  from  bisec¬ 
tion,  and  the  electrical  connectors 
by  which  power  can  be  transferred 
to  the  second  half  portion.  With  the 
reactor  elements  dissipative,  the  in¬ 
sertion  properties  of  the  network 
are  most  readily  derivable  from  the 
termination  impedance  R,  and  the 
impedances  Z,  and  Z,  looking  from 
the  termination  R  into  the  first  half 
portion,  first  with  the  connectors 
opened,  then  clo.sed  by  shorting 
them  together,  using 


,  .  ErlH 

Insertion  ratio  = - — 


(1  -f  ZJR)  (I  -f  Z./R) 
{Z.  R  ~  Z./R) 


=  M  +jX 


(1) 


This  equation  becomes  greatly 

*  In  Xoveiiiber,  Mr.  l*uriii|;tt>n  iliseussetl  a 
of  bnalyzini;  syninietrieal  networks 
which  poasesseg  some  advantage  over  con- 
'■enfioiial  methods.  In  this  article  he  nj>- 
I'lieg  the  analysis  to  networks  made  up  of 
reactor  eleiueuts.  Low-  and  hijth  pass  filters 
*dl  be  covered  in  a  subsequent  article. — 
I  he  Kditor. 


By 

E.  S.  PURIN6T0N 

(ilouvf»ler, 

simplified  if  ideal  conditions  are 
stipulated,  with  the  terminations  R 
of  pure  ohmic  resistance  independent 
of  frequency,  with  each  reactor  ele¬ 
ment  free  from  dissipative  loss,  and 
with  the  numerical  impedance  of 
each  inductor  proportional  to  fre¬ 
quency  and  of  each  capacitor  in- 
ver.sely  proportional  to  frequency. 
By  reference  to  Fig.  IB,  Z,  and  Z. 
become  pure  reactance  impedances 
jX,  and  jX.,  and  simple  right  angle 


triangle  type  vector  diagrams  result 
showing  the  circuit  relation  for  the 
open  and  closed  conditions.  The 
ratio  X,/R  is  the  tangent  of  the 
pMa.se  angle  by  which  voltage  E  leads 
the  current  /„  and  X./R  is  the  tan¬ 
gent  of  the  angle  by  which  voltage  E 
leads  the  current  /,.  These  angles 
6,  and  6,  cannot  differ  from  zero  by 
more  than  90  electrical  deg.,  but 
can  be  positive  or  negative.  For  the 
case  illustrated,  B,  is  negative  for  all 
frequencies,  but  B.  is  positive  for  low 
frequencies  and  negative  for  high 
frequencies.  The  ratios  X,/R  and 
Xc  R  w’ill  be  here  termed  q,  and  q. 
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from  analogy  to  the  quality  factor 
Q  expressing  the  reactance-resist¬ 
ance  ratio  for  coils  or  condensers. 
These  g’s  in  general  are  complex 
functions  of  frequency,  with  values 
ranging  from  negative  infinity  to 
positive  infinity.  The  vector  dia¬ 
grams  of  Fig.  IB  depict  conditions 
for  a  combination  of  elements  which 
for  some  frequency  makes  6,  = 
— 45  deg.,  Be  =  30  deg.,  for  which 
the  tangents  are  q.  =  — 1.0  and  q,  = 
0.577. 

With  this  stipulated  simplifica¬ 
tion,  Eq.  1  becomes 


Insert!  )n  rati  3  = 


E  2R 


(l’+  jq.Vd  +  jq.) 

J  (9.  -  9.) 


M  -rjS 


(2) 


and  because  the  q's  do  not  involve 
y  =  V  —  1,  this  simplifies  to 


Insertion  ratio  = 


r?.  +  9- 

!9-  “  9« 


+  j 


Af-f-y.v  (;i) 


so  that  M  and  N  are  directly  com¬ 
putable  from  the  q's.  For  the  sam¬ 
ple  values  given  above,  M  --=  0.268, 
N  =  1.0,  and  since  M  and  N  are 
both  positive  the  insertion  ratio 
vector  is  in  the  first  quadrant,  with 
the  termination  current  /,  lagging 
behind  the  reference  current  E/2R 
and  therefore  behind  E  itself  by  less 
than  90  electrical  deg.  The  inser¬ 
tion  loss  in  decibels,  10  logm  (3/‘  4- 
N^)  is  0.3  db,  and  the  insertion  lag, 
tan'*  (N^M)  is  4-75°.  In  terms  of 
the  q's,  in  general 


Loss  =  10  loR.o  •  1  4-  }  (4) 

Lag  =  tan“i  f?*  9«  1  j 

9.  4-  9«  - 

These  equations  are  especially  useful 
if  the  loss  and  lag  are  to  be  com¬ 
puted  after  expressing  the  q's  for 
any  specific  circuit  as  algebraic 
functions  of  frequency.  For  single 
point  computations,  especially  sim¬ 
ple  equations  result  by  substituting 
q,  =  tan  and  Qc  =  tan  Or  in  Eq. 
4  and  5,  and  simplifying  to  yield 


Loss  =  10  logio  cosec*  {0.  —  d,)  (6) 

Lag  =  (tf.  4-  fl.)  ±  90  deg.  (7) 

In  Fig.  2  is  given  a  chart  and 
explanatory  matter  for  quickly  eval¬ 
uating  the  insertion  loss  by  Eq.  6, 
applying  to  any  bisectable  symmetri¬ 
cal  network  with  equal  resistance 
terminations.  By  its  use  the  insertion 
loss  for  any  specific  choices  of  ele¬ 
ments  such  as  Li,  Cl  and  C2  of  Fig. 
lA  inserted  between  specified  re¬ 
sistance  terminations  R  can  be  most 


Fig.  2 — Loss  and  lag  characteristics  for  bisectable  R-X  circuits 


rapidly  evaluated.  Substantially  all 
that  is  required  is  computation  of 
the  angles  B.  and  (K  by  which  the 
driving  voltage  E  leads  the  current 
produced  by  that  voltage  for  the 
two  conditions  with  the  circuit  as  a 
whole  opened  and  closed  at  the  cen¬ 
ter  of  symmetry. 

The  more  important  problem  usu¬ 
ally  is  to  predetermine  what  values 
must  be  assigned  to  the  elements  to 
be  inserted  between  specified  ter¬ 
minations  R  so  that  the  loss  and 
possibly  the  lag  will  be  a  suitable 
function  of  frequency.  For  this  pur¬ 
pose  it  is  desirable  to  use  equations 
in  terms  of  the  q's,  survey  the  en¬ 
tire  possibilities  of  curve  shapes 
afforded  by  a  given  network  arrange¬ 
ment,  choose  the  shape  that  is  most 
satisfactory,  and  evaluate  the  re¬ 
actor  elements  which  for  the  speci¬ 
fied  R  will  yield  that  shape.  Before 
carrying  through  the  necessary  rou¬ 
tine  using  Fig.  1,  it  will  be  helpful 
to  study  Eq.  4  and  5  in  greater 
detail. 

Quick  inspection  of  Eq.  4  shows 
the  loss  is  zero  for  any  frequency 
making  the  product  of  the  q's  nega¬ 
tive  unity,  and  the  loss  is  infinite 
for  any  frequency  making  the  q’s 
equal.  Less  obviously,  zero  loss  is 
approached  for  any  condition  mak¬ 
ing  one  of  the  q's  a  very  large  value 
and  the  other  a  very  small  value. 
Such  is  the  case  in  the  cited  e.xample 
of  Fig.  IB  for  frequencies  near  zero, 
making  q„  highly  negative  and 
only  slightly  positive.  Less  obvi¬ 
ously  also  the  loss  is  very  great  for 


any  condition  making  both  of  the  q's 
very  small,  as  is  the  case  in  Fig.  IB 
for  very  high  frequencies  with  the 
q's  only  slightly  negative.  Inspec¬ 
tion  of  the  circuit  configuration 
often  reveals  conditions  of  zero  and 
infinite  loss.  In  Fig.  lA,  the  loss  is 
of  necessity  infinite  for  the  fre¬ 
quency  of  anti  resonance  of  elements 
Li  and  C„  corresponding  in  fact  to 
the  q’s  of  Fig.  IB  being  algebraically 
equal.  Inspection  of  a  circuit  config¬ 
uration  will  always  fail  to  disclose 
the  condition  of  zero  loss  due  to  the 
product  of  the  q’s  being  negative 
unity,  since  not  all  combinations  of 
elements  will  result  in  such  a  condi¬ 
tion  existing. 

It  is  noteworthy  that  the  loss 
equation  involves  the  product  and  the 
difference  of  the  q’s,  while  the  lag 
equation  involves  the  product  and 
the  sum.  The  quotient  of  the  q’s  is 
not  as  yet  specifically  involved,  hut 
for  the  present  has  the  hidden  value 
(!f  clearing  up  the  equational  am¬ 
biguity  as  to  the  quadrant  location 
of  the  phase  angle.  In  Eq.  5,  if  the 
tangent  of  the  phase  lag  angle  is 
l)ositive,  the  angle  may  be  in  the  first 
or  third  quadrant,  but  if  negative,  in 
the  second  or  fourth.  Referring 
back  to  Eq.  2,  M  —  (q„  -r  q,^ 

‘  q.  —  qr)  is  positive  provided  the 
quotient  {qc/q,)  is  within  the  limits 
—  1  to  1.  Therefore  if  (qr/q.)*  is  less 
than  unity,  or  correspondingly 
(Br/Bo)*  is  less  than  unity,  the  lag 
angle  must  be  located  in  the  first  nr 
fourth  quadrant  for  which  M  is  posi¬ 
tive,  otherwise  it  must  be  located  in 
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Fiq.  3 — Circuit  designations  showing 
relation  between  physical  elements 
and  impedance  values 


the  second  or  third  quadrant  for 
which  M  is  negative. 

Absolute  determination  of  the  lag 
angle  must  be  based  upon  agreement 
as  to  lag  for  some  specified  fre¬ 
quency.  Since  in  Fig.  lA  all  the 
network  currents  for  very  low  fre¬ 
quencies  are  in  the  inductor  L,  di¬ 
rectly  connecting  the  two  termina¬ 
tions,  so  that  the  network  produces 
no  effect  at  zero  frequency,  it  will 
be  agreed  that  the  lag  is  zero  at  zero 
frequency,  and  not,  for  example  360 
deg.  But  at  infinite  frequency  the 
loss  approaches  infinity  and  the  lag 
angle  approaches  the  boundary  be¬ 
tween  the  first  and  second  quad¬ 
rants.  Absolute  lag,  as  for  example 
90,  450,  or — 270  deg.,  can  be  found 
only  by  applying  the  physical  doc¬ 
trine  of  continuity  and  integrating 
the  phase  changes  as  the  frequency 
progresses  from  zero  to  infinity. 
Unfortunately  Etp  3  points  out  that 
as  frequency  changes  in  such  a  way 
as  to  make  change  sign,  the 

vector  (M+jN)  changes  by  180  deg. 
No  physical  di.scontinuity  is  involved 
because  at  the  same  time  the  inser¬ 
tion  loss  is  infinite.  What  happens  is 
a  reversal  of  the  load  current  /,  as 
it  pas.ses  through  a  condition  of  zero 
niagnitude,  analogous  to  the  change 
of  direction  of  current  in  the  gal- 
\anometer  arm  of  a  bridge  in  pass¬ 
ing  through  a  condition  of  balance. 
Nevertheless  there  is  no  short 
method  of  checking  whether  180 


deg.  must  be  added  or  subtracted 
when  the  frequency  passes  through 
the  critical  value.  Apparently  the 
only  satisfactory  procedure  to  clear 
up  this  point,  if  important,  is  to 
compute  the  performance  at  least 
once  with  an  element  such  as  L,  of 
Fig.  lA  slightly  dissipative,  using  the 
more  general  Eq.  1,  useful  when 
Ze/R  is  a  complex  imaginary.  The 
lag  performance  under  this  condi¬ 
tion  will  serve  as  a  guide  to  what 
should  be  done  in  the  limiting  case 
with  the  element  L,  mathematically 
free  from  loss. 

Solution  of  Specific  Problem 

The  procedure  necessary  to  de¬ 
velop  loss  and  lag  equations  for  any 
network  to  which  the  preceding 
theory  applies  will  be  illustrated  by 
working  out  the  complete  solution 
for  Fig.  lA.  Here  is  a  circuit  with 
four  differently  choosable  electrical 
elements,  the  terminations  R,  and 
the  network  reactors  L„  C,  and  C*. 
It  is  required  to  develop  the  inser¬ 
tion  performance  equations  covering 
all  possible  combinations,  survey  the 
possible  curve  shapes  and  tabulate 
information  as  to  how  any  selected 
curve  shape  may  be  realized. 

If  a  set  of  values  is  randomly 
assigned  to  the  circuit  elements,  the 
performance  as  here  defined  will  not 
be  modified  by  multiplying  the 
impedance  of  each  element  by  a 
given  factor,  as  for  example  by 


doubling  R,  doubling  L,  and  halving 
the  capacitances  of  C,  and  C,.  But 
the  performance  will  be  altered  if 
the  terminations  R  are  held  con¬ 
stant  while  the  impedances  of  the 
network  elements  are  doubled,  since 
the  q’s  will  be  doubled.  To  provide 
for  various  impedance  levels  of  the 
network  elements  with  respect  to 
the  terminations,  an  impedance  level 
parameter  h  is  introduced  to  which 
in  the  equations  the  q’s  will  be  pro¬ 
portional. 

With  a  fixed  specified  value  for  R, 
the  only  way  that  the  elements  of 
the  network  may  be  modified  with¬ 
out  curve  shape  changes  is  by  mul¬ 
tiplying  the  network  reactor  values 
L„  Cl  and  Cj  all  by  the  same  factor, 
as  by  doubling.  What  previously 
happened  at  frequency  /  will  subse¬ 
quently  happen  at  a  frequency  f/2, 
thereby  shrinking  the  curve  if 
plotted  on  a  frequency  basis.  If 
however  some  significant  reference 
frequency  F„  is  set  up,  as  for  exam¬ 
ple  the  cutoff  frequency  of  the  curve 
shape  if  used  for  filtering  purposes, 
and  the  curve  is  plotted  in  terms  of 
the  ratio  of  any  frequency  to  the  ref¬ 
erence  frequency,  change  of  the  ref¬ 
ence  frequency  will  not  change  the 
curve  shape.  In  the  present  example 
the  significance  of  F,  as  the  cutoff 
frequency  is  chosen  to  give  the  sim¬ 
plest  possible  loss  equation,  but  its 
cutoff  significance  appears  only  after 
specific  curve  shapes  are  plotted. 


Fig.  4 — Low-pass  iilter  characteristics:  effect  of  changing  impedance  level 
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Insertion  Lots.  Dtcibtls  >-■  - 1  j  Intcrtion  Loss , Oec!b«l» 


Fig.  5 — More  detailed  data  for  parameter  values  h=0-B,  k=1.25 
Fig.  6 — Characteristics  of  low-pass  filter  unit  with  several  values  of  b 
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The  ratio  f/F,  will  be  here  given 
the  designation  x  customarily  ap¬ 
plied  to  the  abscissa  in  curve 
plotting. 

With  a  fixed  R,  and  choices  of  h 
and  F,  which  must  be  held  constant, 
variations  in  elements  L„  Ci  and  C, 
are  still  possible.  L,  and  C,  deter- 
minje  a  finite  frequency  for  infinite 
insertion  loss.  The  ratio  of  this  fre¬ 
quency  to  F,  will  be  termed  k, 
the  infinite  loss  parameter.  Chang¬ 
ing  k  requires  modification  of  L„  Ci 
or  of  both,  and  with  the  re¬ 
quirement  that  h  and  F,  will  not  be 
changed,  it  develops  that  all  three 
reactor  impedances  must  be  altered, 
but  not  in  a  proportionate  manner. 

In  place  of  the  three  physical  ele¬ 
ments  L„  Cl  and  C,  it  becomes  neces¬ 
sary,  therefore,  to  deal  with  three 
abstract  elements  F„  h  and  k,  to 
yield  performance  equations  in 
terms  of  x,  h  and  k.  It  must  be  pos¬ 
sible  to  evaluate  the  reactors  for  the 
specified  R,  the  value  desired  to  rep¬ 
resent  F,  corresponding  to  x=l,  and 
the  values  chosen  for  the  parameters 
h  and  k  determining  and  identifying 
the  curve  shape  to  be  duplicated. 

It  works  out  most  advantageously 
to  designate  reactor  values  as  func¬ 
tions  of  R,  F.,  fi  and  k  in  two  steps. 
Basic  values  of  inductance  and  ca¬ 
pacitance  designated  L  and  C  are  de¬ 
fined  as  those  having  numerical  im¬ 
pedances  hR  at  F„  thereby  involving 
everything  except  k.  The  various 
inductor  and  capacitor  elements  in 
the  network  are  then  these  basic 
values  multiplied  by  factors  m,  n 
and  p,  for  example,  which  involve 
only  k.  In  terms  of  inductance,  ele¬ 
ment  L,  of  Fig.  lA  is  replaced  in 
Fig.  3  by  element  pL,  for  example, 
but  because  of  the  definition  of  L 
on  an  impedance  basis,  the  element 
is  also  capable  of  being  assigned  an 
impedance  designation  pLzzjhRpx. 
Similarly  for  example  C,  can  be  des¬ 
ignated  mC=-jhR/mx,  and  C,= 
-jhR/yix.  Designations  here  used 
for  basic  values  of  L  and  C  differ 
from  other  practices  in  standard 
texts,  but  this  seems  justifiable  be¬ 
cause  of  the  greater  simplification 
of  results  and  because  of  the  direct 
physical  significances  in  terms  of 
impedances.  The  general  equations 
universally  useful  for  computing 
basic  L  and  C  values,  together  with 
the  various  combinations  of  units 
with  which  they  may  be  used,  are 
{Continued  on  page  197) 
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Bow  to  Get  A.  PRIORITY 


A  priority  is  a  preference  rating.  A  preference  rating  is  the  tag  on  a  purchase  order  vvhicli 
governs  the  place  that  order  will  take  in  the  war  economy.  It  determines  the  place,  hoth  in 
terms  of  time  and  in  terms  of  materials,  this  order  will  take  among  many  thousands  of 
orders.  The  better  the  rating,  the  better  the  treatment,  in  time  and  in  materials,  the  order 
will  get.  The  basic  form  for  a  preference  rating  is  Form  PD-IA 


This  certificate  is  used  by  the 
War  Production  Board  and  by 
procurement  officers  of  the  Army, 
Navy,  and  other  authorized  Govern¬ 
ment  agencies,  to  assign  ratings  to 
orders  for  specific  quantities  of  ma¬ 
terial  or  equipment  for  a  specific 
purpose.  The  importance  of  this  cer¬ 
tificate  is  diminishing  with  the  in¬ 
creased  scheduling  of  materials  over 
longer  periods  of  time. 

PD-3A,  known  as  the  Army-Navy- 
Government  form,  is  the  second  of 
the  two  individual  rating  certifi¬ 
cates.  It  is  used  to  assign  preference 
ratings  to  deliveries  under  purchase 
contracts  of  the  Army,  Navy  and 
certain  government  agencies.  It  is 
mainly  employed  by  Army  and  Navy 
procurement  officers  in  the  field. 
They  are  authorized  to  assign  rat¬ 
ings  on  certain  direct  military  con¬ 
tracts  and  these  ratings  may  be  ex¬ 
tended.  The  procurement  officers  are 
governed  by  directives  issued  by  the 
Army  and  Navy  Munitions  Board 
and  approved  by  WPB.  These  di¬ 
rectives  indicate  what  ratings  may 
be  extended  on  the  various  types  of 
orders.  That  is,  if  a  manufacturer 
has  a  direct  military  contract  for  a 
completed  item  (a  prime  contract) 
he  can  go  to  the  procurement  officer 
of  the  Army  or  Navy  service  in¬ 
volved  for  assistance.  This  officer 
can  assign  a  preference  rating  to 
the  manufacturer’s  order  for  mate¬ 
rials  or  parts,  if  certain  routine  re- 
Quirements  are  met. 

The  difference  between  PD-3A 
and  PD-IA  is  that  the  former  can 
only  be  used  when  there  is  a  clearly 
defined  connection  between  the  need 
involved  and  a  prime  government 
ontract  and  when  the  rating  is  as- 
igned  in  the  field  by  a  procurement 


officer.  When  the  work  is  obviously 
not  going  into  a  prime  government 
contract,  then  the  application  for  aid 
should  be  made  to  Washington  on 
Form  PU-IA. 

The  first  thing  to  do  is  to  apply 
to  a  regional  WPB  office  or  the  WPB 
in  Washington  for  an  application 
form  to  fill  out. 

Production  Requirements  Plan 

This  is  a  combined  preference  rat¬ 
ing  and  allocation  system.  Under  it, 
WPB  determines  the  amount  of  ma¬ 
terial  available  and  allots  it  on  the 
basis  of  an  industry’s  importance  to 
the  war  effort.  With  a  few  excep¬ 
tions  PRP  is  mandatory  for  all  con¬ 
cerns  using  $5,000  worth  of  metal  a 
quarter.  The  grade  of  rating  de¬ 
pends  on  the  importance  of  the  prod¬ 
uct,  but  the  amount  of  material  the 
manufacturer  may  obtain  \vith  his 
rating  depends  also  on  how  much  of 
that  material  is  available.  A  company 
operating  under  PRP  is  not  per¬ 
mitted  to  use  or  extend  any  other 
form  of  preference  rating  for  ma¬ 
terial  used  in  production. 

PD-25A  is  the  basic  form  used 
under  PRP.  On  this  form  the  manu¬ 
facturer  gives  a  number  of  details 
concerning  his  business,  which  are 
used  to  determine  the  preference 
ratings  he  will  get  and  the  authoriza¬ 
tion  to  acquire  materials.  Instruc¬ 
tions  accompany  the  form.  PU-25F 
is  used  chiefly  to  apply  for  interim 
assistance. 

Controlled  Moteriols  Plan 

Booklets  of  detailed  instructions 
for  filling  out  the  Bills  of  Materials 
required  by  the  Controlled  Materials 
Plan  will  be  made  available  at 
WPB’s  field  offices. 


Prime  consumers  of  controlled 
materials — aluminum,  copper,  steel — - 
must  submit  their  requirements  for 
the  second  quarter  of  1943  in  the 
form  of  bills  of  materials  to  the 
Claimant  Agency  or  Agencies 
(Army,  Navy,  Maritime  Commis¬ 
sion,  Civilian  Supply,  etc.,)  from 
which  they  will  receive  their  allot¬ 
ments.  Secondary  consumers  must 
file  their  bills  of  materials  with  their 
customers  who,  in  turn,  are  respon¬ 
sible  for  their  accuracy  and  who  will 
include  them  in  their  own  bills  of 
materials  submitted  to  the  claimant 
agencies. 

For  most  products,  bills  of  mate¬ 
rials  will  not  be  required  from  every 
producer.  No  company  need  pre¬ 
pare  a  bill  of  material  unless  specifi¬ 
cally  instructed  to  do  so  by  a  claim¬ 
ant  agency,  a  WPB  Industry  Divi¬ 
sion,  or  by  another  company  to  which 
it  sells  its  product  and  which  has 
been  instructed  to  furnish  a  bill  of 
material  according  to  WPB  officials. 

At  the  present  time  the  Controlled 
Materials  Plan  will  operate  only  on 
the  critical  materials,  aluminum, 
copper  and  steel,  and,  therefore, 
other  materials  must  be  obtained 
under  PRP,  which  involves  j^rior- 
ities,  provided  the  concern  uses  $5.- 
000  worth  or  more  of  metal  a 
quarter. 

CMP  is  a  method  designed  to  see 
that  the  right  material  of  the  correct 
quantities  get  to  the  correct  place  at 
the  correct  time.  This  time  is  deter¬ 
mined  by  officials  after  having  a 
look  at  the  urgency  of  certain  prod¬ 
ucts,  the  quantities  of  materials 
needed,  and  the  relative  order  and 
quantities  in  which  these  individual 
materials  must  be  secured  to  com¬ 
plete  a  given  project. 
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A 


Virginia  Potts  and  daughter  Doris  lean  constitute  an  eiiective 
production  team  in  an  eguipment  manufacturing  plant  turning 
out  military  communications  equipment 


WOMEN 


WOMEN,  for  many  years  important  workers  on 
the  nation’s  electronic  equipment  production 
lines,  are  today  rendering  a  vital  service  to  the  all- 
out  war  effort.  Manufacturers  who  have  converted  to 
the  limit  from  male  to  female  help  since  the  initial 
draft  order  became  effective  have  found  few  jobs 
women  can’t  do  well  enough,  some  they  can  do  better. 

Women,  indeed,  are  no  longer  limited  in  their  scope 
to  purely  production  activities.  Many  with  little  or 
no  previous  training  but  with  “what  it  takes’’  in  the 
way  of  ability  to  learn  are  operating  and  maintaining 


LaTinia  Senior  seals  the  end  of  high  power  transmitting  tube 
which  will  ultimately  be  used  by  the  armed  forces 


Elizabeth  LaRocco  is  an  expert  inspector  of  yacuum  tubes  of 
vital  importance  to  military  communications 


Laura  Shumway  and  Agnes  Mack  do  a  fast  yet  conscientious 
job  assembling  radio  equipment  for  war  use 


f 


Virginia  L.  Castman  oi  Purdue  and  losephine  Trumbull  ol 
N.Y.  State  College  for  Teachers  learn  the  line  points  oi  a 
"heat  run"  irom  Navyman  R.  C.  Gray 


at  WORK 


Mary  Ellen  McClurkin  oi  the  University  oi  Colorado  works  a 
slip-stick  on  an  engineering  iob  in  an  eastern  plant 


electronic  equipment.  Some,  with  academic  training 
in  physics,  electrical  or  communication  en^rineerin^, 
are  moving  into  laboratories  and  helpinjr  their  country 
win  the  war  by  solvinK  problems  of  research  and  de¬ 
sign. 

Women  in  several  branches  of  the  art  requiring 
technical  “savvy”  and  skill  are  pictured  here.  To  them, 
war  work  in  the  electronic  equipment  plants  of  Amer¬ 
ica  represents  more  than  a  job.  It  repre.sents  a 
patriotic  duty.  Photos  by  Wt xtiiujhoune  and  (icuernl 
Electric. 


Mary  latesta  and  Winnie  Ferguson  check  temperature  while 
exhausting  transmitting  tubes  destined  ior  the  armed  services 


Billie  Evelyn  Brooker  oi  Iowa  State  College  calibrates  a  trans¬ 
mitter  which  will  soon  see  service  in  the  field 
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Wartime  Developments  in 


CARRIER  CURRENT 


Broadcast  frequency  signals  guided  over  power  lines  are  attenuated  to  a  greater  degree 
than  conventional  low  frequency  transmissions.  This  disadvantage  is  counterbalanced  hy 
the  fact  that  readily  obtainable  broadcast  tuners  are  easily  adapted  to  reception  of  such 
signals.  Four  systems  of  distribution,  and  coupling  considerations,  are  discussed 


First  applications  of  the  prin¬ 
ciple  of  carrier  current  trans¬ 
mission  date  back  to  the  early  1880’s, 
when  a  method  of  multiplexing  tele¬ 
phone  and  telegraph  lines  was  at¬ 
tempted.  Associated  with  this  study 
are  the  names  of  Gray,  Bell,  Mer- 
cadier,  and  Edison. 

In  early  work  the  mechanical  reso¬ 
nance  of  tuned  reed  instruments  was 
used  to  generate  and  select  a  limited 
range  of  carrier  frequencies.  The 
next  major  advance  occurred  around 
1890,  when  the  selection  of  carrier 
frequencies  by  electrical  resonance 
was  discovered  independently  by  Le¬ 
blanc,^  Pupin,  Stone,  and  Hutin.* 
With  the  advent  of  wireless  teleg¬ 
raphy  at  the  turn  of  the  century, 
further  study  of  carrier  current  com¬ 
munication  w’as  temporarily  ne¬ 
glected.  It  was  not  until  1914  that 
the  first  commercial  carrier  current 
systems  were  put  into  service  as  an 
auxiliary  to  existing  telephone  lines. 
In  the  early  1920’s®  another  applica¬ 
tion  was  developed,  whereby  carrier 
current  transmission  was  employed 
for  the  remote  switching  of  loads  at 
substations  as  well  as  for  direct  com¬ 
munication  over  power  mains.  Trans¬ 
missions  of  this  nature  were  mainly 
on  a  point-to-point  basis  because  of 
technical  and  legal  limitations.  Fre¬ 
quencies  selected  w^ere  below  200  kc. 
Subsequent  development  of  trans¬ 
mission  methods  on  the  low  fre¬ 
quency  portion  of  the  radio  spectrum 
have  been  carried  out  primarily  by 
the  telephone  and  power  utilities." 

Standard  Broadcast  Frequencies 

It  was  not  until  1937  that  success¬ 
ful  transmission  on  standard  broad- 
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cast  frequencies  via  power  distribu¬ 
tion  systems  w’as  put  into  operation 
at  several  northeastern  colleges. 
This  method  of  broadcasting  is  now’ 
commonly  known  as  “wired-radio.” 

Recently,  in  addition  to  the  many 
college  stations  transmitting  by 
wired-radio,  there  have  been  other 
significant  outgrowths  of  carrier 
current  broadcasts  on  power  grids. 
Carrier  ci”’’'ent  transmission  has, 
for  exam.ple,  been  applied  to  civilian 
d^^fense.  Then,  in  July,  1942  the 
War  Department  took  over  supervi¬ 
sion  of  the  installation  and  opera¬ 
tion  of  carrier  current  systems  in 
Army  camps.  Previously,  such  in¬ 
stallations  had  been  directed  by  the 
USO.“ 

Present  Army  systems  are  similar 
technically  to  the  wired-radio  sta¬ 
tions  in  colleges.  Transmission  is 
on  the  broadca.st  band,  over  13,000, 
4,000,  or  2,300  volt,  three-phase  pri¬ 
maries.  Distribution  to  the  listeners 
is  via  standard  low  voltage  second¬ 
aries,  Tran.smitter  output  pow’er  is 
of  the  order  of  20  watts.  The  terri¬ 
tory  covered  is  generally  several 
square  miles  in  area. 

OCD  Tests 

The  Office  of  Civilian  Defense,  in 
making  a  survey  of  the  communica¬ 
tion  .systems  best  qualified  to  satisfy 
its  requirements,  commended  the  use 
of  broadcast  band  carrier  current 


•  Formerly  at  Cruft  Laboratory,  Harvard 
I  iiirersity. 


systems  in  a  recent  paper.*  In  the 
tests  described,  signals  were  coupled 
separately  into  both  overhead  and 
underground  4,000  volt  primaries  at 
a  frequency  of  720  kc,  using  a  25- 
watt  transmitter  modulated  at  1,000 
cps.  Standard  broadcast  receivers 
were  used  for  reception.  While  at¬ 
tenuation  by  pole  type  transformers 
was  noted  to  be  substantially  greater 
on  broadcast  band  frequencies  than 
on  frequencies  below  200  kc  it  was 
pointed  out  that  transmissions  on 
frequencies  below  200  kc  have  the 
disadvantage  of  requiring  special  re¬ 
ceivers. 

A  series  of  tests  has  also  been  con¬ 
ducted  with  the  cooperation  of  the 
FCC,  the  OCD  and  the  War  Depart¬ 
ment  to  ascertain  the  propagation 
and  radiation  characteristics  of  car¬ 
rier  current  radio  as  a  function  of 
frequency,  pow’er,  coupling,  and 
typqs  of  lines. 

Transmission  Systems 

Before  the  design  of  a  broadcast 
band  carrier  current  transmission 
.system  for  a  given  locality  is  evolved 
the  physical  and  electrical  aspects  of 
the  terrain  to  be  covered  should  be 
considered.  From  past  experience  it 
has  been  found  that  no  one  system 
can  be  depended  upon  to  perform 
equally  in  several  different  locations. 

Four  general  types  of  transmis¬ 
sion  systems  for  w’ired-radio  are: 

(a)  Transmitter  coupled  to  high  voltagp 
feeders.  Distribution  to  receivers  over 
‘J2O/110  V.  secondaries.  (Used  in 
Army  camps  and  on  many  coUege 
campuses.) 

(b)  Broadcast  over  coaxial  or  parallel 
wire  lines  through  underground  tun 
nels  or  conduits  in  the  broadcast  area 
Lines  are  terminated  locally  to  steel 
buildings  which  serve  as  an  rf  dis 
sipative  system  or  to  distribution  see 
ondaries.  (Used  at  Brown  anil  liar 
vard  t’niversities. ) 


76 


January  1943  —  FA.llCTRO^lC^ 


COMMUNICATION 


A  variation  of  this  method  was 
suggested  in  a  paper  by  Burst 
whereby  audio  and  au  unmodulated 
r-f  carrier  are  sent  over  transmission 
lines  to  remote  r-f  amplitiers  wbicli 
arc  modulated  by  the  audio  signals. 
Radio  fre(|Uency  driving  power  for  all 
r-f  amplitiers  is  supplied  by  one  mas 
ter  oscillator,  so  that  all  remote  ain- 
plitiers  operate  on  the  same  frequency. 
This  eliminates  danger  of  interaction 
due  to  heterodyning. 

(c)  Audio  transmission  over  telephone  wire 
loops  to  small  transmitters  located 
in  the  areas  to  be  covered.  (I  sed  at 
t'ornell  ITiiversity. ) 

(d)  Transmission  over  three  phase  pri¬ 
mary  feeders,  on  frequencies  lielow 
I’OO  kc,  to  small  converter  transmitter 
units  which  distribute  locally  on  ilie 
broadcast  band  over  low  voltage  sec 
ondaries.  (Proposed  for  use  in  large 
Army  camps.) 

Coupling  Considerations 

Couplin.c:  to  and  from  the  trans¬ 
mission  system  may  be  accomplished 
in  several  ways.  Variations  of  link 
coupled  and  tuned  L  C  matching 
sections  from  transmitter  to  poly¬ 
phase  feeders  have  been  found  quite 
satisfactory. 

Due  to  varying  power  factors  and 
power  system  loads,  a  low-Q  coup¬ 
ling  network  is  desirable.  Therefore, 
a  compromise  between  sharpness  of 
resonance  and  high  efficiency  of 
power  transfer  should  be  made  at 
the  outset.  The  latter  consideration 
is  secondary,  as  high  power  is  both 
unnecessary  and  undesirable  in  car¬ 
rier  current  communication. 

Radio  frequency  power  may  be  fed 
either  in  phase  or  out  of  phase  to 
the  feeders  of  a  polyphase  grid. 
Radiation  is  less  when  equiphased 
coupling  systems  are  used.  If  the 
power  mains  are  located  under 
ground  most  of  the  space  radiation 
will  be  eliminated  by  capacitive 
shielding  of  the  earth.  If  r-f  power 
is  coupled  to  underground  feeders 
out  of  phase  a  higher  field  strength 
along  the  conductors  will  be  obtained 
with  little  or  no  resulting  radiation. 
For  overhead  transmission  the  radi¬ 
ation  will  be  a  function  of  frequency 
as  well  as  power. 

Pole  type  transformers  act  es¬ 
sentially  as  low  pass  filters  to  car¬ 
rier  current  communication.  At  the 


higher  frequencies,  above  the  effec¬ 
tive  pass  band,  such  transformers 
may  be  by-passed  capacitively,  by 
induction,  or  by  saturation. 

Reception  over  a  properly  designed 
wired-radio  system  is  best  in  the 
induction  field  of  all  r-f  conductors 
comprising  the  system. 

F-M  Applications 

Though  AM  has  been  used  almo.st 
without  exception  in  carrier  current 
work  to  date,  F-M  transmission  has 
possibilities.  Such  communication 
has  been  attempted  at  low  fre- 
(luencies  and  has  been  described  in 
a  recent  article."  Though  F-M  trans¬ 
mission  over  wire  lines  is  less  af¬ 
fected  by  electrical  disturbances 
ihan  A-M,  a  greater  bandwidth  is 
required.  Because  of  this  and  due  to 
the  lack  of  available  frequencies,  the 
development  of  F-M  carrier  current 
communication  has  so  far  been 
confined  to  commercial  two-way 
transmission. 

There  is,  however,  another  appli¬ 
cation  of  F-M  to  the  field  of  carrier 
current  communication ;  the  re¬ 
broadcast  of  F-M  over  A-M  wired 
radio  systems.  This  may  be  accom¬ 
plished  with  little  loss  of  fidelity. 
Recently,  by  arrangement  between 
the  Intercollegiate  Broadcasting 
System  and  an  F-M  network  cover¬ 
ing  the  northeastern  states,  various 
member  stations  of  IBS  installed 
F-M  translators  and  have  since  been 
regularly  rebroadcasting  programs 
from  F-M  radio  stations  by  carrier 
current  transmission.  Accordingly, 
F-M  coverage  which  would  have 
otherwise  remained  constant  for  the 
duration  due  to  curtailment  of  re¬ 
ceiver  production  may  in  this  way  be 
considerably  extended. 

Post-War  Possibilities 

As  evidenced  by  the  use  of  wired- 
radio  by  college  stations  during  the 
past  six  years  and  by  departments 


of  the  government  more  recently,  one 
of  its  most  successful  applications 
has  been  as  a  medium  for  community 
coverage  and  interest.  Some  sections 
of  the  country  are  not  in  the  pri¬ 
mary  areas  of  any  long-wave  sta¬ 
tions.  Wired-radio,  because  of  its 
low  expense  and  simplicity  of  opera¬ 
tion,  might  easily  satisfy  the  needs 
of  many  communities  so  situated. 
Upward  of  40  stations  could  operate 
simultaneously  on  the  broadcast 
band  alone  in  any  given  locality, 
without  interaction  with  similar 
systems  nearby. 

It  has  already  been  demonstrated 
that  wired-radio  is  well  adapted  to 
network  operation. 

In  addition  to  use  on  standard 
broadcast  frequencies,  carrier-cur¬ 
rent  transmission  on  frequencies  be¬ 
low  200  kc  could  provide  communi¬ 
cation  for  municipal  services  such  as 
fire  and  police  departments. 

Eckersley,  in  several  recent  ar¬ 
ticles*,  has  advanced  plans  for  a 
post-war  system  of  distribution  us¬ 
ing  low  frequency  carrier  current 
broadcasts  over  power  mains,  with 
(Co)ithnn'd  on  jxtye  187) 


In  The  Army  Now 

WAR  DEPARTMENT  per¬ 
sonnel  has  taken  over  the  op¬ 
eration  of  carrier  current  com¬ 
munication  systems  oric^nally 
installed  in  several  Army 
camps  by  the  USO.  Other 
training  centers  are  to  be 
similarly  equipped 

CIVILIAN  DEFENSE  units 
in  a  number  of  key  cities  are 
successfully  using  "wired  - 
radio."  Thus  carrier  current 
equipment  is  playing  an  im¬ 
portant  double  role  in  the 
nation's  war  effort 
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Servicing 

RESISTANCE 


Cathode-ray  oseilloscojies  are  ideal  tools  with  which  to 
check  the  operation  of  timers  and  other  associated  indus¬ 
trial  electronic  gear.  Plant  maintenance  men  can  learn 
to  use  them  by  studying  instructions  furnished  with  such 
instruments,  data  presented  here  and  typical  control  cir¬ 
cuits  included  in  the  series  which  this  paper  concludes 


By  BARTON  L.  WELLER 

Electronics  Section 
IiKtustrial  Control  Eng.  Dept, 
tirnernl  Electric  Co. 
Selteneetiidg 


.fdiuiary  JO  Hi  —  KLK(7rR(  )N1( 


Fig.  lA — Trace  showing  normal  "off" 
time  bias  on  a  typical  electronic  welding 
control  inverter  tube.  In  this  instance, 
input  voltage  was  correctly  applied  di¬ 
rectly  to  the  vertical  deilecting  plates  of 
the  oscilloscope's  cathode-ray  tube  to  ac¬ 
curately  picture  both  a-c  and  d-c  bias 
components 

Fig.  IB — The  trace  on  the  screen  of  the 
cathode-ray  tube  in  this  instance  is  useful 
only  for  determining  variation  of  the  "off" 
time  a-c  bias.  D-c  bias  component  is  in¬ 
accurately  illustrated  because,  for  pur¬ 
poses  of  illustration,  the  input  voltage  was 
incorrectly  applied  through  the  instru¬ 
ment's  a-c  amplifier 


The  widespread  use  of  re- 

resistance  welding,  stimulated 
by  the  present  production  emer¬ 
gency,  has  largely  been  made  pos¬ 
sible  by  the  development  of  elec¬ 
tronic  welding  controls.  The  num¬ 
ber  of  industrial  plants  installing 
such  controls  is  now  increasing  at 
such  a  rapid  rate  that  it  is  not  al¬ 
ways  possible  for  suppliers  to  render 
maintenance  service  with  the  speed 
required  by  urgent  manufacturing 
schedules.  Users,  therefore,  are  find¬ 
ing  it  desirable  to  supplement  the 
service  provided  by  suppliers  by  do¬ 
ing  .some  of  their  own  maintenance 
work. 

A  knowledge  of  how  electronic 
welding  controls  function  is,  obvi¬ 
ously,  a  prerequisite  for  intelligent 
servicing.  Discussions  of  control 
circuits  contained  in  the  series  of 
articles  which  this  paper  concludes 
provide  much  of  the  necessary  back¬ 
ground.  Our  concern  here  is  the 
adaptation  of  the  cathode-ray  oscil- 
lo.scope  to  the  servicing  job.  Men 
who  have  “lived  with”  electronic 
welding  controls  since  their  incep¬ 
tion  consider  this  instrument  vir¬ 
tually  indispensable  as  a  mainte¬ 
nance  tool. 

Visual  Curve  Tracer 

The  cathode-ray  oscilloscope  has 
proven  to  be  a  most  useful  tool  for 
studying  electrical  voltages.  The 
radio  industry  particularly  has 
made  available  for  general  use  many 
different  types,  at  prices  comparable 


to  those  asked  for  good  indicating 
voltmeters  or  ammeters.  The  major¬ 
ity  can  be  adjusted  readily  enough 
to  allow  even  technicians  not  fully 
conversant  with  their  theory  of  op¬ 
eration  to  use  them  after  studying 
elemental  instruction  books. 

The  heart  of  the  instrument  is  a 
cathode-ray  tube  which  is  capable 
of  graphically  showing  on  its  fluores¬ 
cent  .screen  the  voltages  of  the  cir¬ 
cuit  to  which  the  instrument  is  con¬ 
nected.  The  tube  is  equipped  with 
electronic  circuits  which  make  pos¬ 
sible  numerous  modes  of  operation, 
the  most  common  of  which  is  the 
picturing  of  variation  of  voltage 
with  time.  Voltages  to  be  viewed 
are  applied  to  the  vertical  deflecting 
plates  of  the  tube  .so  that  the  amount 
of  Vertical  cathode-ray  or  “beam” 
deflection  is  proportional  to  the  vol¬ 
tage  applied.  Horizontal  sweep  cir¬ 
cuits  in  the  o.scillo.scope  produce  a 
time  axis  of  any  desired  length  and 
allow  recurrent  phenomena  t  i  be 
seen  as  stationary  images. 

When  used  for  servicing  electrical 
equipment  the  ().scillo.sc(»pe  has  out¬ 
standing  advantages.  It  is  invalu¬ 
able  for  many  applications  because 
it  takes  only  a  minute  amount  of 
input  power  to  i)roduce  full  deflec¬ 
tion.  It  can,  therefore,  be  introduced 
into  high  impedance  circuits  with¬ 
out  upsetting  their  oj)eration.  Since 
the  cathode-ray  does  not  have  iner¬ 
tia,  as  does  a  voltmeter,  the  reading 
is  not  distorted  by  time  lag.  The  de¬ 
vice  can  also  take  large  over-voltage 
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Fig.  2 — Oscilloscope  circuit  modifications  suggested  for  electronic  welding  control 
maintenance  work.  Heavy  lines  show  new  connections,  light  lines  show  original  con¬ 
nections.  (2A)  RCA  types  ISI.  ISIA  and  151  2.  (2B)  RCA  types  TMV  122B  and  D. 
(2C)  DuMont  types  164  and  168.  (2D)  G.E.  type  OFM  3 


for  extended  lengths  of  time  with¬ 
out  harm.  Actually,  the  voltage  lim¬ 
itation  lies  almost  entirely  in  the 
insulation  of  the  oscilloscope  circuits 
and  not  in  excessive  deflection  of  the 
beam  which  produces  the  jjraphical 
trace. 

Modifications  in  General 

Oscilloscopes  which  are  primarily 
made  for  radio  servicinjr  do  lack 
some  features  which  are  required 
for  thoroujrh  investigation  of  indus¬ 
trial  electronic  circuits.  The  most 
prominent  of  these  dertciencies  are: 

(.\)  Usually,  such  oscilloscopes 
indicate  a-c  voltages  only  and 
do  not  correctly  show  d-c 
components. 

(B)  Often  the  time  axis  of  the  os¬ 
cilloscope  (horizontal  sweep) 
cannot  be  conveniently  fixed 
with  respect  to  the  frequency 
of  voltages  In’ing  observed. 

<C)  Electrical  insulation  is  not, 
in  general,  up  to  the  .stand¬ 
ards  normally  recommended 
for  the  voltages  which  must 
be  applied  to  the  instrument. 

(D)  The  horizontal  sweep  fre¬ 
quency  cannot  always  1k‘  re¬ 
duced  to  a  point  low  enough 
for  the  operator  to  observe 
more  than  two  cycles. 

Relatively  simple  modifications  of 
o.scilloscopes  available  for  general 
use  can  overcome  these  limitations. 
Those  who  have  u.sed  oscilloscopes 
for  .servicing  electronic  welding  con¬ 
trols  have  found  it  desirable  to: 

( 1 )  Modify  the  oscilloscope  so 
that  input  voltages  can  lie 
impressed  directly  on  the  ver¬ 
tical  deflecting  plates,  by¬ 
passing  vertical  amplifiers 
which  are  sensitive  only  to 
a-c. 

<2)  .Add  an  input  voltage  divider 
to  allow  a  reduction  of  oscil¬ 
loscope  sensitivity  and  to  in¬ 
crease  in])ut  resistance  so  that 
high  impedance  grid  circuits 
will  not  be  loaded. 

<d)  Add  60-cycle  synchronization 
so  that  the  horizontal  sweep 
frequency  can  be  definitely  as¬ 
sociated  with  the  frequency 
of  the  voltages  being  studied. 

<1)  Insulate  the  oscilloscope  to 
safeguard  the  operator  from 
possible  contact  with  the  metal 
case  and  prevent  high  short- 
circuit  currents  from  flowing 


if  insulatijn  breakdown  oc¬ 
curs. 

(.'))  Decrea.se  the  horizontal  sweep 
frequency  so  that  approx¬ 
imately  six  cycles  can  be  ob- 
.served  at  one  time. 

The  importance  of  the  first  fea¬ 
ture  cannot  be  overemphasized. 
Since  electronic  welding  controls 
usually  utilize  d-c.  sine  wave  and 
jteaked  voltages  in  various  combi¬ 
nations,  the  waveforms  shown  by  an 
oscillo.scope  which  does  not  accu¬ 
rately  indicate  all  of  these  compt)- 
nents  will  be  misleading.  Figures  lA 
and  IP  show  the  difference  between 
traces  appearing  on  the  screen  of  an 
oscillo.scope  sensitive  to  all  com¬ 
ponents  will  be  misleading.  Figures 
lA  and  IP  show  the  difference  be¬ 
tween  traces  appearing  on  the  screen 
of  an  oscilloscope  sensitive  to  all 


components  (lA)  and  one  in.sensi- 
tive  (IB)  to  d.c.  (In  this  case,  the 
voltage  on  the  vertical  plates  of  the 
cathode-ray  tubes  is  the  sum  of  a 
slowly  changing  timing  voltage  and 
a  peaked  wave.)  It  can  be  seen  that 
the  oscillo.scope  affected  only  by  vol¬ 
tage  variation  (Fig.  IP)  produces  a 
waveform  symmetrical  about  the 
zero  axis  even  though  it  may  be 
actually  displaced  from  zero  by  some 
constant  amount.  There  is  an  in¬ 
version  in  Fig.  IB,  since  the  ampli¬ 
fier  within  the  instrument  creates  a 
voltage  reversal. 

Since  the  usual  commercial  oscil¬ 
loscope  has  a  sensitivity  of  20  to  30 
v  per  inch,  an  easily  adjustable 
input  voltage  divider  is  a  most  use¬ 
ful  addition  so  that  potentials  up  to 
()00  V  can  be  observed.  For  the  nia- 
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Fig.  3 — ^Firing  tube  grid  Toltage  when  not 
firing.  Seli-biae  not  shown 


jority  of  applications  it  has  been 
found  that  a  five-megohm  potentiom¬ 
eter  can  be  connected  to  make  a 
convenient  variable  voltage  divider. 
When  used  in  its  low  sensitivity  po¬ 
sition,  such  a  divider  places  high  re¬ 
sistance  in  series  with  the  oscil¬ 
loscope  leads,  thereby  insuring  a 
high  input  impedance  and  low  drain 
on  the  circuit  being  studied.  Atten¬ 
uation  of  sharp  peaked  voltages  is 
also  minimized.  A  switch  mounted 
on  the  potentiometer  can  be  ar¬ 
ranged  so  that  when  the  divider  is 
turned  to  its  maximum  sensitivity 
position  the  potentiometer  is  cut  out 
of  the  circuit  and  the  input  voltage 
is  fed  directly  to  the  deflecting 
plates. 

Large  oscilloscopes  frequently  in¬ 
corporate  60  cps  synchronization. 
By  turning  the  synchronization 
switch  to  this  position  the  horizontal 
sweep  can  be  fixed  with  respect  to 
the  60  cps  line  frequency.  When  so 
adjusted  the  phase  relationship  be¬ 
tween  input  voltage  and  line  fre¬ 
quency  will  always  be  shown.  On 
those  oscilloscopes  which  are  not  so 
equipped  a  slight  addition  can  easily 
be  made  to  give  60-cps  synchroniza¬ 
tion. 

Since  the  personal  safety  of  oper¬ 
ators  using  instruments  is  impor¬ 
tant,  it  is  necessary  to  remember 
that  the  metal  cases  of  the  majority 
of  oscilloscopes  made  for  radio  serv¬ 
icing  are  connected  to  one  of  the  in¬ 
put  leads.  When  the  oscilloscope, 
therefore,  is  connected  to  a  power 
circuit,  its  case  is  at  the  potential  of 
that  circuit  and  can  cause  severe 
shocks  to  one  touching  it.  Experi¬ 
ence  has  shown  that  operators  can 
be  taught  to  use  caution  under  these 
circumstances;  however,  to  mini¬ 
mize  this  hazard  one  may  insulate 
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Fig.  4 — Firing  tube  grid  Toltage  while  fir- 
ing.  Self-bias  not  shown 


his  instrument  with  a  wood,  plastic, 
or  leather  case.  It  is  also  advisable, 
in  general,  to  provide  long-handled 
insulated  clip-leads  so  that  it  will 
be  unnecessary  for  an  operator  to 
get  his  hands  too  close  to  live  parts 
in  welding  controls.  It  should  also 
be  remembered  that  oscilloscopes 
used  for  industrial  servicing  are 
often  connected  to  lines  of  relatively 
high  power  capacity.  When  short 
circuits  occur  within  an  instrument, 
it  is  possible  for  arcs  of  explosive 
violence  to  be  created.  To  minimize 
this  hazard,  a  one-watt,  25,000-ohm 
resistor  can  be  installed  in  series 
with  each  oscilloscope  lead. 

In  most  instruments  which  do  not 
provide  a  low'  enough  sweep  fre¬ 
quency  (10  cps)  an  additional  ca¬ 
pacitor  can  be  placed  in  shunt  with 
the  capacitor  which  is  used  on  the 
lowest  position  of  the  frequency 
range  sw'itch.  By  trial,  this  capaci¬ 
tor  can  be  selected  to  give  almost 
any  desired  sw'eep  frequency. 

Specific  CRO  Changes 

Figures  2A,  2B,  2C  and  2D  show- 
circuit  changes  required  for  adap- 
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Fig.  5 — Firing  tube  grid  voltage  when  not 
firing 


tation  of  typical  oscilloscopes  to  elec¬ 
tronic  welding  control  work.  Heavy 
lines  show-  connections  added  and 
dashed  lines  show  connections  re¬ 
moved.  Circuit  elements  are  shown 
in  the  same  relative  positions  as  in 
diagrams  provided  by  the  manufac¬ 
turers  of  the  oscilloscopes.  Added 
controls  are  usually  mounted  where 
they  can  be  conveniently  manipu¬ 
lated,  on  the  front  panel  of  the  in- 
.strument  if  there  is  room,  or  above 
the  instrument  as  in  Figs.  lA  and 
IB.  Modifications  involve: 

RCA  151,  151A;  151-2  (Fig.  2A) 

(a)  Re-locating  capacitor  C,  so 
that  the  vertical  amplifier 
switch  puts  the  input  leads 
directly  on  the  vertical  de¬ 
flecting  plates. 

(b)  Re-connecting  the  vertical 
centering  control  so  that  it 
is  out  of  the  circuit  when  the 
oscilloscope  is  used  to  check 
d.c.  This  change  eliminates 
the  shunting  effects  of  the 
centering  control,  thereby  in¬ 
creasing  the  input  impedance 

X  •  of  the  instrument. 

(c)  .\dding  divider  potentiometer 
R„,  with  its  accompanying 
switch  Sf  When  is  ro¬ 
tated  to  A,  St  opens,  removes 
the  divider  from  the  circuit 
and  puts  the  input  voltage 
directly  on  the  deflecting 
plates. 

(d)  Introducing  switch  and 
capacitor  C,,  to  provide  60- 
cps  synchronization.  The 
heater  voltage  from  the  6C6 
is  fed  into  the  synchroniza¬ 
tion  transformer  when  S,  is 
as  shown.  If  S,  is  in  the  up¬ 
per  position  and  the  jumper 
between  terminals  “sync” 
and  “horiz”  is  in  place,  the 
horizontal  sweep  is  syn¬ 
chronized  with  the  input  to 
the  vertical  plates. 

RCA  Types  TMV-122B  and  I)  (Fig.2H) 
The  same  changes  are  made 
to  obtain  d-c  operation  as  on 
the  161  type  of  oscilloscope. 
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Pig,  6— Firing  lube  grid  Toltage  while  Hg.  7 — Voltage  on  power  tubes  while  Fig.  8 — Welding  current  as  heat  control  is 
firing  firing  varied 


These  oscilloscopes  contain 
60-cps  synchronization  cir¬ 
cuits,  so  that  no  further 
modification  is  required. 

Du  Mont  Types  164,  168  (Fig.  2C) 

(a)  These  oscilloscopes  have  ter¬ 
minals  on  the  back  of  the 
case  that  allow  connection 
directly  to  the  deflecting 
plates.  The  addition  shown 
provides  a  convenient  way  to 
switch  from  d-c  to  a-c  oper¬ 
ation.  R„  is  again  used  as  a 
voltage  divider  and  is  usable 
for  either  a-c  or  d-c  indica¬ 
tion.  (See  also  Figs.  lA  and 
IB.) 

(b)  Type  168  oscilloscope  already 
has  60-cps  synchronization. 

(c)  Add  60-cps  synchronization 

to  Type  164  by  replacing  S, 
with  a  three-pole  switch  and 
adding  capacitor  C  to  feed 
the  heater  voltage  of  the 
6C6  into  the  grid  circuit  of 
the  885  sweep  oscillator. 

G.E.  Model  OFM-3  (Fig.  2D) 

(a)  In  this  oscilloscope,  as  in  the 
others,  the  blocking  capaci¬ 
tor  C  must  be  relocated  so 
that  it  is  out  of  the  circuit 
when  the  vertical  amplifier 
switch  is  in  the  “off”  position, 
as  shown.  The  voltage  di¬ 
vider  added  at  the  vertical 
terminals  is  usable  for  either 
position  of  the  vertical  am¬ 
plifier  switch. 

(b)  This  oscillo.scope  contains  60- 
cps  synchronization,  as  man¬ 
ufactured. 

These  diagrams  show  examples  of 
how  standard  oscilloscopes  can  be 
altered.  Many  others  can  be  changed 
in  a  similar  manner.  It  should  be 
noted  that  all  of  the  oscilloscopes 
thus  changed  have  their  vertical  de¬ 
flecting  plates  at  ground  potential. 
This  allows  input  leads  which  are 
also  at  ground  to  be  connected  di¬ 
rectly  to  the  deflecting  plates.  Some 
nstruments  now  available  have  their 
deflecting  plates  at  a  potential  other 
han  ground,  thereby  requiring  ma¬ 


jor  circuit  changes  to  allow  input  di¬ 
rectly  to  the  deflecting  plates. 
Standard  oscilloscopes  can  thus  be 
given  characteristics  neces.sary  for 
studying  welding  controls.  The  only 
features  that  cannot  be  obtained 
when  the  input  is  switched  to  d-c  op¬ 
eration  are  internal  synchronization 
and  vertical  centering.  Experience 
has  shown  that  the  loss  of  these 
qualities  is  overshadowed  by  the 
advantages  gained  from  d-c  indica¬ 
tion. 


Oscilloscope  Calibration 


The  most  important  properties  of 
an  oscilloscope  used  for  studying 
electronic  resistance  welding  control 
are  its  ability  to  show  the  magnitude 
and  variation  of  voltage  with  time 
as  well  as  the  phase  relationships  be¬ 
tween  voltages.  Since  an  oscilloscope 
of  the  type  described  is  not  direct- 
indicating,  as  is  a  voltmeter,  it  is 
necessary  that  it  be  calibrated  be¬ 
fore  use.  This  process  requires, 
first,  the  establishing  of  a  known 
horizontal  sweep  so  that  images  on 
the  .screen  always  appear  in  correct 
time  relationship,  and  second,  deter¬ 
mination  of  the  voltage  necessary  to 
make  the  beam  deflect  a  given  dis¬ 
tance. 

To  make  these  adjustments,  as¬ 
suming  that  the  control  to  be  checked 
and  the  oscilloscope  operate  from  a 
60-cycle  line,  connect  the  o.scillo- 
scope  leads  to  a  known  reference 
voltage.  I  This  may  be  the  voltage 
of  the  “leading”  firing  or  timing 
tube  of  the  electronic  welding  con¬ 
trol  itself,  provided  the  control  is 
known  to  be  operating  properly  at 
the  time  the  oscilloscope  is  cali¬ 
brated.)  Set  the  60-cycle  oscilloscope 
synchronization  switch  in  the  “on” 
position,  with  the  synchronization 


knob  at  the  full  counter-clockwise 
position.  Adjust  the  oscilloscope 
range  and  frequency  dials  as  out¬ 
lined  in  the  instruction  book  until 
the  desired  image,  usually  a  sym¬ 
metrical  wave  of  one  or  more  cycles, 
as  shown  in  Fig.  3,  appears  on  the 
screen.  When  the  image  stands  still 
for  observation,  advance  the  syn¬ 
chronization  control  slightly  to  lock 
the  image  in  a  fixed  position.  If  this 
knob  is  advanced  too  far,  distortion 
in  the  waveform  will  be  produced. 

With  the  beam  synchronized,  one 
can  easily  calibrate  the  deflection 
where  a  known  voltage  is  applied  to 
the  input  leads.  For  example,  the 
a-c  wave  in  Fig.  3  is  300  volts  rms. 
The  crest  voltage  is  420,  therefore 
the  sensitivity  of  the  instrument  is 
about  30  volts  per  division  of  the 
cathode-ray  tube  screen.  This  cali¬ 
bration  will  be  maintained  as  long 
as  the  input  divider  remains  fixed 
and  the  sweep  frequency  is  not 
changed. 


Typical  Traces 


A  cathode-ray  oscillo.scope  is  pri¬ 
marily  an  indicator  of  circuit  vol¬ 
tages.  To  diagnose  trouble  it  is 
necessary  that  one  using  the  instru¬ 
ment  know  what  voltage  should  exist 
if  the  circuit  is  functioning  cor¬ 
rectly.  To  establish  such  a  back¬ 
ground  cathode-ray  oscilloscope 
traces  produced  by  a  few  typical 
voltages  will  be  presented  pictorially. 

I  .All  photographs  were  made  using 
an  o.scilloscope  modified  as  in  Fig. 
2F.  with  replaced  by  two  poten¬ 
tiometers.  All  pictures  were  taken 
with  one  setting  of  the  horizontal 
.^weep  circuit,  so  that  the  phase  re¬ 
lationships  between  the  diflferent 
voltages  could  be  studied.  The  sensi- 
(Covtimied  on  page  200) 
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Balloon-borne  radio  transmitters  daily  explore  meteorological  conditions  over  the  earth 
part  of  the  means  of  predicting  the  weather.  This  paper  is  a  review  of  this  art  and  scieiict . 
describing  the  equipment  and  methods  utilized 


IT  has  been  said  that  war  serves 
to  stimulate  human  progress  in 
scientific  matters,  and  in  the  case 
of  meteorology  this  has  been  espe¬ 
cially  true.  Two  developments  came 
out  of  the  last  World  War  that  to¬ 
gether  have  served  to  bring  about  a 
minor  revolution  among  weather 
forecasters. 

The  first  of  these  came  about  be¬ 
cause  wartime  restrictions  forced 
Norwegian  meteorologists  to  seek  a 
better  approach  to  weather  forecast¬ 
ing  in  order  to  protect  the  fleets  of 
small  fishing  boats  operating  along 
their  coast.  The  result  of  this  search 
was  the  development  of  what  is 
known  as  “air  mass  analysis,”  which 
differs  from  the  previous  methods 
of  analysis  principally  in  that  it  re¬ 
gards  weather  as  a  three  dimen¬ 
sional  phenomenon  rather  than  as 
essentially  two  dimensional.  That  is, 
weather  phenomena  are  thought  of 
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as  being  caused  by  the  movements  of 
large,  more  or  less  homogeneous 
masses  of  air,  whose  properties  de¬ 
pend  on  where  they  came  from. 
Thus,  air  coming  from  Northern 
Canada  is  cold  and  dry,  while  that 
which  has  been  over  the  Gulf  of 
Mexico  is  relatively  warm  and  moist. 
To  know  the  location  of  these  air 
masses  and  to  trace  their  activity, 
meteorologists  needed  some  means 
of  measuring  the  properties  of  the 
air  above  the  earth.  The  necessary 
information  w’ere  temperature,  pres¬ 
sure,  moisture-content,  wind  veloc¬ 
ity,  and  wind  direction,  all  as  func¬ 
tions  of  height,  which  can  be  com¬ 
puted  from  the  first  three. 

The  second  development  which 
came  out  of  the  last  war  made  it 
possible  to  obtain  at  least  part  of 


that  information.  The  above  men¬ 
tioned  properties  of  the  air  overhead 
are  also  of  primary  importance  in 
firing  large  guns,  for  the  projectile 
passes  through  layers  of  air  havinjr 
varying  densities  and  motions.  In 
trying  to  supply  their  artillery  with 
this  data,  the  Signal  Corps  of  the 
U.  S.  Army  attempted  to  follow  the 
course  of  a  balloon-borne  radio 
transmitter  with  a  direction-finder. 
The  method  showed  promise,  and 
later  work  led  to  the  addition  of  de¬ 
vices  to  transmit  measurements  of 
temperature,  pressure  and  relative 
humidity. 

Radio-Sounding  Equipmsnt 

In  the  years  that  followed,  many 
workers  in  Europe  and  the  United 
States  brought  forth  a  great  variety 
of  instruments  for  radio  sounding: 
from  these,  there  have  evolved  three 
principal  types. 


Photos  of  clear  plastic  radiosonde  model.  Left,  pressure  switch  is  at  lower  right.  Above  it  are  the  battery  and 
transmitter  in  an  insulated  compartment.  The  hair  hygrometer  and  temperature  tube  are  in  the  funnel-shaped 
space  at  the  left.  Center,  model  of  radiosonde  showing  internal  components.  Production  instruments  have  a  metal 
foil  covered  corrugated  paper  housing.  Right,  end  view  showing  temperature  sensitive  resistor  and  hair  hygrometer 
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The  transmitter.  The  carrier  frequency  is 
72.2Mc,  and  the  power  output  about  150 
milliwatts 


First:  The  type  including  those 
instruments  which  transmit  only  a 
carrier  on  a  single  frequency  and 
depend  on  the  arrangement,  or  tim¬ 
ing,  of  signals  to  convey  their  ob¬ 
servations.  The  best  known  is  the 
chronometric  or  Olland  type,  in 
which  the  measurements  ai‘e  con¬ 
verted  into  time  intervals  between 
successive  signals  and  their  accuracy 
and  reliability  depend  upon  the  clock 
or  motor  that  drives  the  switching 
mechanism.  This  type  requires  but 
a  single  tube  of  low  power  and  trans¬ 
mits  for  a  very  small  part  of  the 
time.  For  this  reason  the  battery 
drain  is  low.  The  disadvantages  are 
economic ;  the  clcwk  and  other  mov¬ 
ing  parts  must  be  well  made  to  stand 
shipment  and  yet  remain  operative 
and  accurate  and  each  instrument 
must  be  individually  calibrated  for 
temperature,  pressure,  and  humid¬ 
ity.  In  general,  the  problem  of  con- 


Temperature  tube  and  hair  hygrometer. 
The  radiation  shield  has  been  removed. 
The  outer  box  is  covered  with  metal  foil 
to  reduce  solar  heating 


structing,  at  low  cost,  a  delicate 
mechanical  device  to  operate  suc¬ 
cessfully  in  the  temperature  range 
from  +90  deg.  F  to  —95  deg.  F  is 
not  an  easy  one. 

Second:  Those,  in  which  the  car¬ 
rier  oscillator  frequency  is  changed 
by  changes  in  the  measured  ele¬ 
ments.  These  are  simple  and  highly 
successful,  but  require  a  rather 
broad  band  of  clear  frequencies  for 
their  operation  and  for  this  reason 
are  not  permitted  in  this  country. 

Third:  Those  in  which  the  car¬ 
rier  is  modulated  at  an  audible  fre¬ 
quency  and  this  frequency  is  changed 
by  the  changes  in  the  measured  ele¬ 
ments.  This  is  not  so  simple,  calling 
for  an  additional  tube  in  the  trans¬ 
mitter  and  complicated  receiving 
equipment,  since  the  frequency  of 
the  modulation  must  be  measured 
quite  accurately.  A  rather  high  sig¬ 
nal  level  is  required  to  operate  the 
frequency  meter  and  conse(|uently 
considerable  battery  power  is  re¬ 
quired  for  the  transmitter.  How¬ 
ever,  one  model  of  this  type,  devel¬ 
oped  at  the  National  Bureau  of 
Standards  for  the  U.  S.  Navy  by 
Harry  Diamond,  W.  S.  Hinman,  Jr., 
F.  W.  Dunmore,  and  associates,  has 
so  many  novel  and  desirable  features 
that  it  is  the  one  most  widely  ac¬ 
cepted  today,  and  is  the  one  used  by 
the  U.  S.  Weather  Bureau. 

A  brief  de.scription  of  this  model 
follows.  Its  basic  principle  is  the 
conversion  of  temperature  and 
humidity  measurements  into  resis¬ 
tances  which  determine  the  fre¬ 
quency  of  a  relaxation  oscillator, 
which  in  turn  modulates  the  carrier. 


The  pressure  switch.  This  connects  the 
transmitter  to  the  temperature  tube  when 
the  contact  rests  on  on  insulator  between 
silver  segments;  to  the  humidity  potenti¬ 
ometer  when  the  contact  is  on  one  of  the 
thin  silver  segments,  or  to  fixed  reference 
resistors  when  contact  is  made  with  a 
thick  segment 


The  change  from  temperature  re¬ 
sistor  to  humidity  resistor  is  ef¬ 
fected  by  a  .switch  operated  by  an 
aneroid  bellows.  Each  instrument 
is  individually  calibrated  .so  that  the 
pressures  at  which  each  change  takes 
place  are  accurately  known.  As  the 
balloon  ri.ses,  the  pressure  decreases, 
the  bellows  expand,  and  a  series  of 
alternate  temperature  and  humidity 
readings  are  transmitted.  Fixed  re¬ 
sistors  are  substituted  for  every 
fifth  humidity  reading  so  that  the 
frequencies  transmitted  when  the.se 
are  connected  show  any  change  that 
may  be  taking  place  in  the  charac¬ 
teristic  of  the  modulating  o.scillator 
due  to  diminishing  battery  voltages 
or  to  temperature  effects  on  the 
transmitter  components.  By  careful 
design,  these  effects  can  be  made 
nearly  zero. 

For  temperature  measurements, 
an  entirely  new  device  known  as  the 
electrolytic  resistor  was  developed. 
This  is  a  very  fine  bore  glass  tube 
filled  with  an  electrolyte  of  hydro¬ 
chloric  acid  and  alcohol,  with  a  small 
amount  of  cuprous  chloride.  The 
resistance  of  this  device  changes 
rapidly  with  temperature;  moreover, 
the  slope  of  the  curve  of  resistance 
as  a  function  of  temperature  depends 
only  on  the  composition  of  the  elec¬ 
trolyte.  Hence,  it  is  not  necessary  to 


The  ^air  hygrometer  before  atsembly. 
showing  potentiometer.  A  clear  plastic 
cover  that  protects  the  potentiometer  from 
moisture  and  dirt  is  not  shown 


A  cross-section  through  the  atmosphere, 
showing  the  kind  of  information  that  the 
radiosonde  is  useful  in  obtaining.  (Taken, 
in  part,  from  Meteorology  for  Pilots  by 
Haynes) 


calibrate  each  resistor  separately, 
an  enormous  advantage  in  keeping 
down  the  cost  of  production. 

Two  methods  of  converting  hu¬ 
midities  into  resistance  are  appli¬ 
cable.  To  date,  the  most  widely  used 
is  the  well  known  human  hair  hygro¬ 
meter  arranged  to  operate  a  poten¬ 
tiometer.  The  principal  objection  to 
this  is,  of  course,  the  slow  response 
of  the  hair  to  changes  in  humidity, 
especially  at  Jow  temperature.  The 
indicated  humidity  does  start  to 
change  as  soon  as  the  instrument 
passes  into  air  of  different  humidity, 
and  will  arrive  at  the  correct  value 
if  the  layer  is  thick  enough.  It  is 
possible  to  carry  the  later  reading 
back  to  the  point  where  the  change 
began,  to  correct  for  the  slow  re¬ 
sponse. 

The  other  is  an  electrical  device 
developed  by  F.  W.  Dunmore  at  the 
National  Bureau  of  Standards.  This 
consists  of  two  palladium  wires 
wound  parallel  to  each  other  and 


coated  with  lithium  chloride  solu¬ 
tion.  It  is  necessary  to  include  a 
small  relay  in  the  radiosonde  as  the 
resistance  variation  covers  the  same 
range  as  that  of  the  temperature  re¬ 
sistor.  The  resistance  of  the  device 
is  a  function  of  temperature  as  well 
as  of  humidity,  so  that  a  three  di¬ 
mensional  chart  must  be  used  in 
evaluating.  Its  advantages  are  that 
it  has  a  very  rapid  response  to 
changes  in  humidity,  even  at  low 
temperatures;  it  involves  no  mov¬ 
ing  parts,  and  the  units  can  be  made 
sufficiently  uniform  so  that  individ¬ 
ual  calibrations  are  not  required. 

Thus,  an  instrument  having  an 
electrical  hygrometer  requires  only 
one  individual  calibration;  that  for 
pressure,  and  those  having  the  hair 
hygrometer  require  two:  for  pres¬ 
sure  and  for  relative  humidity.  Of 
these  individual  calibrations,  the  one 
for  pressure  requires  the  greater  ac¬ 
curacy,  and  to  reduce  personal  er¬ 
rors  in  reading  and  to  provide  re¬ 


corded  data,  the  Washington  Insti 
tute  of  Technology  has  adopted  a 
photographic  manometer.  This  ha? 
a  moving  light  carriage  which  the 
operator  simply  keeps  centered  ol 
the  mercury  column.  The  manomete. 
scale  is  ruled  on  a  transparent  plastic 
and  a  strip  of  bromide  paper  is  held 
firmly  against  this  scale  during  a 
calibration.  When  the  contact  am., 
in  moving  across  the  commutator, 
touches  one  of  the  fifth  contacts,  it 
operates  an  electronic  timing  circuit 
which  causes  the  light  to  come  on 
and  stay  on  for  a  predetermined 
short  interval.  Thus,  the  profile  of 
the  top  of  the  mercury  column  and 
the  scale  are  printed  on  the  paper, 
and  can  be  read  after  development 
This  method  removes  what  may  be 
a  very  doubtful  step  in  older  methods 
of  calibration,  in  which  an  operator 
had  to  read  the  moving  column  at 
the  sound  of  a  signal;  furthermore, 
it  is  much  less  tiring. 

A  factor  of  first  importance  in 
radio  sounding  is  the  cost  per  ob¬ 
servation.  To  make  fullest  use  of 
present  Iffiowledge,  it  is  desirable  to 
obtain  data  from  as  well  distributed 
a  network  of  stations  as  possible. 

In  the  early  history  of  radio 
sounding,  when  airplane  flights 
reached  a  maximum  height  of  about 
3  miles,  the  cost  of  each  ascent  was 
about  $30,  and  it  was  felt  that  if 
it  were  possible  to  manufacture  ra¬ 
diosondes  for  this  price  they  would 
be  justified,  because  of  their  ability 
to  fly  in  nearly  any  kind  of  weather 
and  to  return  data  from  heights  of 
about  12  miles.  It  was  once  thought 


that  radiosondes  could  obtain  a  frameworks  for  what  were  formerly 
record  in  any  kind  of  weather,  and  stamped  aluminum  parts.  This  use 
it  is  possible  that  by  special  treat-  of  plastics  greatly  facilitates  manu- 
ment  they  might.  However,  experi-  facture  and  makes  a  more  rigid  as- 
erice  has  shown  that  icing  forces  sembly  than  light  metal.  Besides 
balloons  down  just  as  it  does  air-  being  a  more  suitable  material  for 
planes ;  in  fact,  in  icing  situations  the  job,  its  use  releases  some  six  tons 
the  rates  of  ascent  or  descent  of  the  of  aluminum  for  other  purposes, 
balloon,  together  with  its  known  A  map  shows  the  distribution  of 
free  lift,  can  be  made  to  yield  im-  radiosonde  stations  in  the  United 
portant  facts  about  this  flying  haz-  States  as  of  September,  1941.  The 
ard.  High  winds  can  also  make  it  data  obtained  by  this  network  of 
impossible  to  release  the  balloon  stations  represents  the  most  com- 
without  damage  to  it  or  to  the  in-  plete  information  about  meteoro- 
gtrument.  logical  phenomena  that  has  every 

been  assembled  in  the  world.  This 
Coit  Factor  U  Important  should  not  only  provide  an  unusually 

During  the  years  since  1937,  when  fine  basis  for  present  forecasting  but 
the  Weather  Bureau  first  began  will  also  provide  research  workers 
radiosonde  w’ork,  the  number  flown  with  excellent  material  for  their 
each  year  has  increased  consider-  studies,  so  that  improvements  in 
ably,  as  show’n  on  the  accompanying  future  forecasting  can  be  expected, 
chart.  Until  1940,  the  Weather  Bu¬ 
reau  did  not  buy  most  of  the  instru-  REFERENCES 
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Equipmani  ior  receivinq  and  recording  the 
signals  from  Dicnnond-Hinmon  radiosonde. 
At  top  is  a  super-regeneratiTe  receiver; 
below  it  on  electronic  audio  frequency 
meter  ond  ot  the  bottom  a  recorder  which 
makes  a  record  of  the  frequency  meter 
readings 


Chart  showing  the  approximate  number  of  new  radiosondes  pro¬ 
cured  by  the  Weather  Bureau,  and  their  average  cost.  Through 
1940,  the  price  was  ior  rental  and  included  rental  installation 
and  maintenance  of  ground  equipment.  From  1941  on.  the  in¬ 
struments  were  bought  outright.  The  cost  trend  is  downward 


Locations  of  radiosonde  stations  in  continental  United  States  in 
September,  1941.  At  that  time,  there  were  also  several  stations 
in  Alaska,  the  West  Indies  and  on  ships  at  sea.  (Data  taken 
from  the  Monthly  Weather  Review  ior  September.  1941.)  The 
dashed  line  shows  the  location  of  the  accompanying  cross-section 
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Applications 


By  W.  E.  GILSON,  M.  D. 

The  I'nivemity  o/  \Fi«con«in 


Besides  the'  automatic  blood 
pressure  recorder'  and  oscillo¬ 
scope'’  described  recently  in  this 
journal,  several  other  electronic  de¬ 
vices  have  been  developed  in  this 
laboratory,  some  of  which  should  be 
applicable  to  other  fields  than 
physiology. 

A  Thyratron  Relay  for  Temperature 
Control 

In  recent  years  many  temperature 
control  devices  have  been  described, 
most  of  them  using  relays  in  connec¬ 
tion  with  vacuum  tubes.*  *  ®  Although 
the  use  of  more  complex  circuits 
permits  the  use  of  resistance  ther¬ 
mometers  and  thermocouples  for  ac¬ 
curate  control  of  temperature,®  the 
more  practical  circuits  for  less  ex¬ 
acting  work  operate  from  a  mercury 
column.  If  the  operating  current  of 
a  relay  passes  through  the  mercury 
contacts,  there  is  inevitably  a  con¬ 
siderable  amount  of  sparking  and 
oxidation.  This  is  eliminated  by  the 
use  of  a  vacuum  tube  electronic  re¬ 
lay,  which  is  very  reliable  and  inex¬ 
pensive,  but  still  has  relay  contacts.’ 
Thyratrons  have  been  used  to  con¬ 
trol  small  amounts  of  heating  cur¬ 
rent  directly,  with  satisfactory  re¬ 
sults.®  The  limiting  factor  is  the 
grid  current,  which  increases  as 
larger  tubes  are  used,  with  a  re¬ 
sultant  increase  in  mercury  contact 
oxidation. 


Fig.  1  —  Electronic 
relay  used  ior  tem¬ 
perature  control. 
Employs  a  tube 
with  an  external 
control  element 


The  CR-5,  made  by  the  Continen¬ 
tal  Electric  Co.,  uses  an  external 
control  band  and  thus  virtually  elimi¬ 
nates  grid  current.  Although  the 
tube  is  ideal  for  phase  control  of 
various  types,  it  cannot  be  controlled 
by  slowly  changing  voltages  applied 
to  its  control  band.  The  tube  may  be 
used  without  special  ventilation  at  1 
amp  plate  current,  and  will  carry  5 
amps  with  a  small  fan  blowing  on  it, 
allowing  control  of  power  up  to  550 
watts.  The  CR-10,  a  tube  twice  as 


large,  may  be  used  in  the  same 
circuits. 

The  operation  of  the  circuit  (Fig. 
1)  is  very  simple.  With  switch  S, 
in  the  position  shown,  the  control 
band  voltage  is  normally  in  phase 
with  the  plate  voltage,  and  the  tube 
fires  early  in  each  positive  half  cycle. 
When  the  control  contacts  are 
brought  together,  by  a  rising  column 
of  mercury  or  other  means,  the  con¬ 
trol  band  is  brought  to  the  potential 
of  point  P,  which  is  180 -deg.  out  of 
phase  with  the  plate,  so  that  the 
tube  can  no  longer  conduct. 

Provision  has  been  made  for  the 
occasional  application  where  it  is 
necessary  to  turn  the  power  on 
rather  than  off  when  the  controllinjr 
contacts  are  brought  together.  With 
S:,  to  the  left  the  control  band  volt¬ 
age  is  normally  180  deg.  out  of 


Fig.  2 — A  precedence  indicator  tells  the  inyestigator  which  oi  two  contacts  opened  first 
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of  Electronics  to  Physiology 

Brief  survey  of  the  uses  to  vvhicli  electron  tube  circuits  have  been  put  in  physiological 
research.  A  blood  pressure  recorder  and  an  oscilloscope  have  already  been  described.  In 
this  article  are  data  on  temperature  control,  an  electronic  precedence  indicator,  a  photo¬ 
tube  myograph  and  a  membrane  manometer 
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phase  with  the  plate  voltage,  so  that 
the  tube  does  not  break  down.  When 
the  contacts  are  closed  the  control 
band  is  connected  to  a  point  in 
phase  with  the  plate,  causinjr  the 
tube  to  conduct. 

An  EInctronie  Precedence  Indicator 

In  the  course  of  investigations 
by  Miss  Eleanor  Larsen  concerning 
intrinsic  limb  preference,  it  became 
necessary  to  construct  a  device 
which  would  indicate  precedence 
with  a  high  degree  of  accuracy. 
The  experimental  method  is  (juite 
simple.  The  subject’s  hands  are 
placed  on  two  telegraph  keys.  Four 
signal  lights  are  used,  which  may 
be  turned  on  in  any  combina¬ 
tion.  When  the  two  lights  on  the 
left  are  turned  on,  the  subject  lifts 
his  hands  from  the  keys  as  rapidly 


Fig.  3 — A  phototube 
myograph,  a  device 
tor  recording  mus¬ 
cular  contraction 


Fig.  4 — Circuit  oi  a 
delayed  impulse 
circuit  lor  sending 
out  a  positive  im¬ 
pulse  at  a  desired 
length  oi  time  alter 
an  actuating  signal 


and  as  nearly  simultaneously  as  pos¬ 
sible.  In  the  older  methods,  the 
opening  of  the  keys  marked  a  mov¬ 
ing  strip  of  paper,  and  the  prec¬ 
edence  was  determined  by  measure¬ 
ment.  Ina.smuch  as  the  degree  of 
precedence  is  of  no  importance,  a 
device  incorporating  relays  had  been 
used  to  indicate  which  hand  lifted 
first,  the  opening  of  one  contact 
actuating  a  relay  which  shorted  the 
other  contact  and  made  a  mark  on  a 
paper  strip  to  indicate  precedence  of 
right  or  left  hand.  The  relays  had  a 
considerable  lag,  producing  as  high 
as  50  percent  simultaneous  indica¬ 
tions,  as  well  as  being  somewhat 
erratic. 

It  seemed  probable  that  the  use  of 
thyratrons  rather  than  mechanical 
relays  would  eliminate  the  simul¬ 
taneous  readings.  The  2A4G  has  an 
ionization  time  of  about  10  micro¬ 
seconds,  and  biological  variability 
and  human  a.symmetry  being  as 
great  as  they  are,  it  is  .seldom  in¬ 
deed  that  the  two  hands  would  be 
raised  within  10  microseconds. 

Figure  2  shows  the  system  used, 
except  for  the  lighting  connections. 
One  of  10  combinations  of  lights  is 
chosen  by  a  10-point  rotary  .switch. 
The  lights  are  turned  on  by  the  re¬ 
setting  switch,  at  the  same  time  that 
plate  voltage  is  applied  to  the 
2A4G’.s.  The  weight  of  the  subject’s 
hands  holds  the  telegraph  keys 
closed,  providing  sufficient  negative 
grid  bias  so  that  the  thyratrons  do 
not  fire.  The  operator  runs  through 
several  light  combinations,  finally 
turning  on  the  two  left  lights,  at 
which  signal  the  subject  raises  his 
hands.  If  the  right  key  has  opened 
first,  the  removal  of  the  grid  bias  on 
the  right  tube  allows  it  to  break 
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DIFFERENTIAL 


MYOCRAM 


Fig.  5 — Typical  record  made  by  means  oi  the  phototube  myograph  con¬ 
structed  primarily  for  use  on  the  heart  muscle  oi  the  dog  or  turtle 


down.  The  plate  current  operates 
both  the  right  count  and  total  count 
indicators,  and  produces  a  large  vol¬ 
tage  drop  across  the  10,000  ohm  re¬ 
sistor  in  the  cathode  circuit,  which 
is  effectively  the  same  as  grid  bias 
on  the  other  tube.  Thus  when  the 
other  key  opens,  sufficient  grid  bias 
remains  to  prevent  it  from  breaking 
down.  If  the  left  key  has  opened 
first,  the  same  events  take  place  on 
the  left  side  of  the  circuit.  One  hun¬ 
dred  effective  stimuli  are 


ventricle.  The  relation  of  the  differ¬ 
ential  peak  to  beginning  contraction 
is  shown  at  B.  It  is  thus  possible  to 
use  the  differential  peak  as  a  signal 
of  beginning  contraction  under  the 
differential  electrode,  which  is  much 
more  convenient  and  rapid  than  us¬ 
ing  a  myograph. 

The  potential  distribution  on  the 
surface  of  the  heart  is  obtained  by 
taking  three  records  simultaneously : 

1,  A  reference  curve,  the  poten¬ 
tial  between  a  constant  point  on  the 
apex  of  the  heart  and  the  hind  leg. 

2,  A  differential  curve,  described 
above. 

3,  A  unipolar  curve,  the  potential 
between  the  hind  leg  and  various 
spots  on  the  surface  of  the  heart. 

From  this  data  it  is  possible  to 
draw  potential  maps  for  various  in¬ 
stants  of  time,  each  one  looking  much 
change  thus  produced  is  amplified  like  a  weather  map,  with  areas  of 
and  recorded,  using  a  direct-coupled  positive  and  negative  voltage  and 
amplifier*  and  a  three-trace  Western  isopotential  lines.  The  differential 
Electric  cathode-ray  tube.  peaks  indicate  which  regions,  if  any, 

The  cardiac  muscle  does  not  con-  are  beginning  to  contract  on  each  of 
tract  all  at  once,  but  the  contraction  these  potential  maps, 
spreads  in  a  complex  manner,  grad¬ 
ually  involving  the  whole  heart.  Int.rpdation  of  Stimuli  into  the 

The  “differential”  electrogram  is  * 

obtained  from  two  points  on  the  sur-  Potential  mapping  of  the  turtle 
face  of  the  heart  very  close  together  heart  during  the  normal  cycle  gave 
ri  mm  or  less),  and  is  so  called  be-  satisfactory  results."  It  then  seemed 
cause  it  is  relatively  unaffected  by  desirable  to  map  the  field  of  the  tur- 
distant  potentials.  It  was  desired  to  tie  heart  during  an  extrasystole  (an 


given,  as 

indicated  on  the  total  counter,  and 
the  percentage  of  rights  and  lefts  is 
given  on  the  respective  counters. 

Inasmuch  as  counters  are  avail¬ 
able  at  present  only  with  a  high  pri¬ 
ority,  it  might  be  of  interest  to  men¬ 
tion  that  excellent  counters  may  be  heart  pulls  the  points  together,  which 
obtained  from  junked  pinball  ma-  cuts  off  some  of  the  light  falling  on 
chines,  which  may  be  purchased  for  the  phototube,  and  the  electrical 
as  little  as  a  dollar  each.  These 
counters  operate  on  12  or  25  volts 
a.c.,  and  must  be  operated  by  a  relay. 


Fig.  6 — Record  of  Tentricu- 
lar  and  aortic  pressuret  at 
bottom,  electro  •  cardiogram 


A  Phototube  Myograph 

A  myograph  is  a  device  for  re¬ 
cording  muscular  contraction.  The 
myograph  to  be  described  was  con¬ 
structed  for  use  primarily  on  the 
heart  of  the  turtle  or  dog.  A  sketch 
of  the  device  is  shown  in  Fig.  3.  It 
is  constructed  of  celluloid,  the  vari¬ 
ous  parts  held  together  by  Duco 
cement.  The  phototube  is  a  CE-35, 
made  by  the  Continental  Electric  Co. 
It  is  believed  to  be  the  smallest 
available,  and  has  been  very  satis¬ 
factory.  The  wTiter  w’ould  appre¬ 
ciate  information  about  a  still 
smaller  phototube,  if  there  is  one  on 
the  market. 

The  light  is  the  standard  “grain 
of  wheat”  bulb  used  in  broncho¬ 
scopes,  with  the  metal  base  removed. 
The  points  of  the  myograph,  which 
is  suspended  by  three  wires,  are  al¬ 
lowed  to  rest  gently  on  the  surface 
of  the  heart.  The  contraction  of  the 
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be  operated  a  positive  impulse  at 
any  desired  length  of  time  after  the 
actuating  signal.  It  was  originally 
designed  to  operate  a  sweep  circuit, 
being  actuated  by  the  positive  peak 
of  a  repeating  transient,  and  trip¬ 
ping  the  sweep  just  before  the  tran¬ 
sient  next  occurs.  In  this  case  the 
peak  is  shown  at  B  in  Fig.  5,  such  a 
peak  occurring  at  each  contraction 
of  the  heart.  Figure  4  shows  the 
setup  diagrammatically.  The  reader 
is  referred  to  previous  papers  for  a 
discussion  of  the  operation  of  the  cir¬ 
cuits  shown  in  block  diagrams.*'  “•  * 

When  the  effect  is  to  be  observed, 
the  sweep  circuit  is  tripped  by  the 
output  of  the  delay  device,  and  the 
same  impulse  is  used  to  break  down 
a  thyratron  which  has  in  its  plate 
circuit  a  relay  which  opens  the  pri¬ 
mary  circuit  of  an  inductorium.  The 
secondary  coil  is  connected  to  two 
small  clips  which  fasten  to  the  heart, 
conducting  to  it  the  stimulating  im¬ 
pulse.  Thus  the  resulting  extrasy¬ 
stole  can  be  observed  on  the  screen 
of  the  cathode-ray  tube.  When  a 
record  is  to  be  made,  the  same  pro¬ 
cedure  can  be  followed,  using  a  cam¬ 
era  with  a  stationary  film,  or  the 
sweep  can  be  turned  off  and  the  time 
base  provided  by  a  moving  film.  The 
latter  method  is  preferable,  because 
the  extrasystole  can  then  be  observed 
in  relation  to  preceding  and  follow¬ 
ing  normal  contractions.  This  is  il¬ 
lustrated  in  Fig.  5  where  B  is  the 
peak  of  the  normal  differential 
(which  acts  as  the  actuating  im¬ 
pulse),  C  is  the  stimulus,  and  D  is 
the  abnormal  curve  produced  by  the 
extrasystole.  E  is  the  normal  differ¬ 
ential  curve  which  follows. 

This  device,  described  previously 
in  Science'*  was  designed  for  the 
purpose  of  making  an  accurate  rec¬ 
ord  of  the  pressure  changes  in  the 
cardiovascular  systems  of  various 
animals,  especially  the  dog  and  tur¬ 
tle.  The  method  previously  in  most 
general  use  has  been  a  combination 
of  a  powerful  carbon  arc  and  a  mem¬ 
brane  manometer  similar  to  that 
shown  in  Fig.  7.  The  light  is  re¬ 
flected  from  a  mirror  on  the  mem¬ 
brane  to  a  moving  strip  of  photo¬ 
graphic  paper  at  a  distance  of  about 
10  or  15  feet.  The  large  projection 
is  necessary  to  provide  sufficient  op¬ 
tical  magnification,  even  for  cardio¬ 
vascular  pressures  in  the  dog.  It 
would  be  almost  impossible  to  record 
auricular  pressures  in  the  turtle  with 
this  instrument. 


Because  of  the  inconvenience  of 
the  method,  its  lack  of  sensitivity, 
and  the  difficulty  of  making  simul¬ 
taneous  cathode-ray  oscillograms  of 
the  potential  on  the  surface  of  the 
heart,  it  was  decided  to  find  some 
electronic  means  of  pressure  record¬ 
ing. 

A  Photoelectric  Membrane 
Manometer 

Several  methods  seemed  promis¬ 
ing,  among  them  the  variable  resist¬ 
ance  devices,  on  which  Edison  took 
out  many  interesting  patents  in  his 
search  for  a  practical  microphone. 
These  devices  were  not  sufficiently 
stable  to  return  to  the  ba.se  line  when 
the  pressure  was  removed,  or  had 
some  other  disadvantage.  The  piezo¬ 
electric  pressure  recorders  will  not 
record  accurately  a  sustained  pres¬ 
sure  increase.  Using  a  diaphragm 
as  a  condenser  microphone  has  the 
same  objection.  If,  however,  the 
changing  capacitance  be  used  to  fre¬ 
quency  modulate  an  oscillator  tuned 
to  the  sharply  sloping  portion  of  the 
selectivity  curve  of  an  intermediate- 
frequency  amplifier,  and  the  ampli¬ 
fier  output  rectified  by  a  diode,  the 
rectified  voltage  will  be  in  effect  a 
directly-coupled  function  of  the  vol¬ 
tage.  This  method  worked  quite 
well  in  preliminary  experiments,  but 
was  abandoned  becau.se  of  its  need¬ 
less  complexity. 

The  diaphragm  was  also  used  as  a 
condenser  to  detune  a  crystal-con¬ 
trolled  oscillator,  the  changing  plate 
current  providing  the  electrical  in¬ 
dication  of  pressure  change.  The 
apparatus  was  quite  in-sensitive,  be¬ 


cause  the  frequency  used  was  too 
low.  This  method  was  perfected  by 
Lilly,  whose  apparatus  is  apparently 
satisfactory  in  both  stability  and 
sensitivity.** 

The  method  finally  used  is  shown 
in  Fig.  7.  The  various  parts  are 
mounted  on  a  triangular  piece  of 
one-half  inch  steel.  The  light  source 
is  an  exciter  lamp  of  the  type  used 
in  sound-on-film  motion  picture  pro¬ 
jectors.  A  single  lens  is  used  to  focus 
the  light  on  a  mirror  which  is 
mounted  off  center  on  the  diaphragm. 
This  mirror  reflects  a  cone  of  light 
toward  the  phototube,  a  CE-23.  The 
apparatus  is  so  adjusted  that  with 
zero  pressure  a  small  part  of  the 
light  falls  on  the  phototube.  As  the 
pressure  applied  to  the  diaphragm 
increases,  the  mirror  is  deflected  and 
more  light  falls  on  the  phototube. 
This  produces  an  electrical  change 
which  is  amplified  by  a  push-pull 
direct-coupled  amplifier*  and  causes 
a  deflection  of  the  cathode-ray  spot, 
the  amplitude  of  which  is  controlled 
by  varying  the  gain  of  the  amplifier. 
The  entire  pressure  system  is  filled 
with  Ringer’s  solution.  The  three- 
way  valve  provides  for  connection 
between  the  diaphragm  chamber  and 
the  side-arm,  for  calibration  against 
a  mercury  column,  between  the  dia¬ 
phragm  chamber  and  the  needle  for 
record  taking,  and  between  the  side- 
arm  and  the  needle  for  washing  out 
the  pressure  system.  Figure  6  shows 
a  record  of  the  ventricular  pressure 
and  aortic  pressure  in  the  dog,  with 
an  accompanying  electrocardiogram. 

The  output  is  almost  exactly  lin- 
(Continued  on  page  206) 


Fig.  7 — Circuit  of  a  doTic*  for  making  an  accurato  rocord  of  tho  pressure 
changes  in  the  cardioTOscular  systems  of  animals  such  as  *he  dog  and  turtle 
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Fig.  1 — Schematic  illustration  of  the  pickup  described  in  this  paper.  For  clarity,  the  case  and  tone  arm  are  omitted 
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WHEN  the  stylus  of  a  phono¬ 
graph  pickup  is  actuated  by 
the  groove  of  a  phonograph  record, 
there  results  a  force  between  the 
stylus  and  the  w’alls  of  the  record 
groove.  The  value  of  this  force  is 
given  by  the  product  of  the  mechan¬ 
ical  impedance  of  the  pickup,  re¬ 
ferred  to  its  stylus  point,  and  the 
velocity  of  the  displacement  of  the 
record  groove.  This  force  causes  the 
record,  pickup,  and  tone  arm  to  vi¬ 
brate,  and  as  a  result,  sound  is  radi¬ 
ated  directly  into  the  air.  For  the 
lack  of  a  better  expression  this  ef¬ 
fect  has  been  termed  record  noise; 
other  terminologies  in  use  are  needle 
talk  and  needle  chatter.  The  effect 
on  the  listener  is  that  of  a  highly 
distorted  reproduction  of  the  subject 
matter  on  the  record,  with  the  low 
frequencies  lacking.  The  magnitude 
of  this  effect  is  so  great  as  to  cause 
the  overall  reproduction  from  many 
phonograph  devices  to  be  very  un¬ 
satisfactory.  Numerous  attempts 
have  been  made  to  solve  this  prob¬ 
lem.  One  practical  means  is  that  of 
an  acoustic  filter  constructed  into 
the  lid  or  door  of  the  cabinet.'’  *  * 
Padding  the  interior  of  the  pickup 
compartment,  while  very  effective. 


By  A.  D.  BURT 

/fCA  Manufacturinff  Company,  Jnc., 
('amdrii,  A  .  ./. 

detracts  from  the  appearance  to  the 
point  where  it  is  felt  to  be  unsatis¬ 
factory.  The  development  and  de¬ 
sign  of  the  pickup  described  in  this 
paper  had  as  its  objective  the  re¬ 
moval  of  record  noise  at  its  source. 

Recognizing  that  the  mechanical 
impedance  of  the  pickup  is  the  one 
factor  relating  to  record  noise  which 


can  be  controlled,  it  is  evident  that 
the  record  noise  will  be  reduced  if 
the  mechanical  impedance  is  re¬ 
duced.  The  results  of  an  investiga¬ 
tion  showed  that,  in  general,  the  dis¬ 
turbing  frequencies  are  confined  to 
the  high-frequency  range.  One  of 
the  most  important  reasons  for  this 
condition  is  the  relatively  small  areas 
of  the  vibrating  elements.  A  spheri¬ 
cal  stylus  tracing  a  laterally  cut 
record  groove  experiences  a  vertical 
motion  as  a  result  of  the  well-known 
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NOISE  by  Pickup  Design 


pinch  effect/  *  This  condition  quali¬ 
tatively  demands  that  the  vertical 
as  well  as  the  lateral  mechanical  im¬ 
pedance  be  reduced  if  the  record 
noise  is  to  be  reduced. 

Description  of  the  Picknp 


Figure  1  shows  a  schematic  illus¬ 
tration  of  the  pickup  described  in 
this  paper."  For  clarity  the  sur¬ 
rounding  case  and  tone  arm  are 
omitted.  While  a  crystal  type  of 
pickup  is  illustrated  similar  con¬ 
struction  can  be  applied  to  the  sev¬ 
eral  other  types.  In  this  figure  the 
“free”  arrows  indicate  mounting 
surfaces  supplied  by  the  case.  A 
bearing  for  the  trunnion  is  also  sup¬ 
plied  by  the  case.  Lateral  motion 
imparted  to  the  stylus  by  the  action 
of  the  record  deflects  the  stylu.s-to- 
chuck  coupling.  The  force  set  up  by 
this  deflection  is  applied  to  the  end 
of  the  lever  arm  and  the  resultant 
torque  twists  the  system  about  its 
axis.  As  the  crystal  is  of  the 
“twister”  type  a  voltage  is  gener¬ 
ated.  The  coupling  between  the 
chuck  and  the  crystal  is  very  tight 
and  for  all  practical  purposes  can  be 
considered  as  100  percent  effective. 
The  damping  block  on  the  stylus-to- 
chuck  coupling  serves  to  control  the 
free  resonance  of  the  coupling  as  de¬ 
termined  by  the  compliance  and  in¬ 
ertia  of  the  coupling  assembly  which 
includes  the  stylus.  The  damping 
block  on  the  chuck  serves  to  control 
the  resonance  of  the  system  as  deter- 


Fig.  4 — A  comparison  oi  the  physical  size  of  the  coupling-stylus  assembly  used 
in  the  new  pickup  with  that  of  a  standard  needle.  The  scale  is  proTided  by 
the  standard  needle  which  measures  0.068  inches  in  diameter  by  0.625  inches  long 


mined  by  the  compliance  of  the  crys- 
stal  and  trunnion,  and  the  inertia  of 
the  crystal,  chuck  and  lever  arm.  The 
front  clamping  blocks  serve  to  sup¬ 
port  the  crystal  against  bending  and, 
together  with  the  trunnion,  to  define 
the  axis  of  rotation.  The  rear  clamp¬ 
ing  blocks  serve  to  clamp  the  rear 
of  the  crystal  and  is  100  percent  ef¬ 


I  Fig.  2- 


-EquiTalent  electric  circuit  oi  the  pickup  illustrated  in  Fig.  1.  The  equivalent 
inductance  oi  the  case  and  a  rigid  tone  arm  L;  is  included 


Fig.  3 — Equivalent  circuit  oi  pickup  for  high-frequencies.  This  simplification 
Justified  as  the  value  oi  L.  is  many  times  the  value  oi  associated  elements 


fective.  The  clamping  and  damping 
blocks  are  Viscoloid. 

Figure  2  shows  the  equivalent 
electric  circuit  of  the  pickup  illus¬ 
trated  by  Fig.  1,  but  includes  the 
pickup  case  and  a  rigid  tone  arm. 
All  values  given  are  for  this  design 
and  are  referred  to  the  stylus  point. 
Figure  3  shows  the  equivalent  elec¬ 
tric  circuit  effective  at  high  fre¬ 
quencies.  This  simplification  is  jus¬ 
tified  in  practice  as  the  value  of 
is  many  times  the  value  of  associated 
elements.  The  several  circuit  ele¬ 
ments  are  defined  as  shown  in  Fig.  2. 
The  equivalent  electric  circuits  for 
vertical  motion  and  for  lateral  mo¬ 
tion  are  nearly  identical  except  for 
the  actual  values  of  the  .several  cir¬ 
cuit  elements.  For  vertical  motion 
the  mass  of  the  stylus-to-chuck  coup¬ 
ling  is  the  same  value,  0.00415 
grams,  as  for  lateral  motion.  For 
vertical  motion  the  compliance  of 
the  .st\lus-to-chuck  coupling  is 
0.215x10  *  cm  per  dyne. 

Neglecting  /?,  and  Ri,  the  imped¬ 
ance  looking  into  this  circuit  will  be 
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the  acoustics  ot  tne  recording  studio 
and  the  placement  of  the  micro¬ 
phone.^ 

Figure  4  shows  a  comparison  of 
the  physical  size  of  the  coupling- 
stylus  assembly  with  that  of  a  stand¬ 
ard  needle.  For  the  purpose  of  a 
scale,  the  standard  needle  measures 
0.068  inches  in  diameter  by  0.625 
inches  long.  The  dimensions  of  the 
coupling-stylus  assembly  measure: 
coupling,  0.009  inches  wide  (normal 
to  the  paper),  by  0.019  inches  high, 
by  0.250  inches  long  (stylus  to 
bend) ;  stylus,  0.015  inches  in  di¬ 
ameter  by  0.035  inches  long.  The 
coupling  is  steel  and  the  stylus  a 
sapphire.  In  Fig.  5  it  will  be  ob¬ 
served  that  a  guard  is  provided  to 
protect  the  sapphire  and  couplin^^ 
against  damage. 


Fig.  5 — The  bottom  Tiew  of  the  complete 
pickup  assembly.  A  guard  will  be  ob- 
serred  which  serres  to  protect  the  stylus 
and  coupling  against  damage 


Fig.  6 — The  complete  pickup  and  tone  arm 
assembly  os  applied  to  a  commercial 
model  of  record  changer 


infinite  at  frequency  equal  to  zero, 
at  frequency  equal  to  infinity  and  at 
frequency. 


scratch  and  distortion  can  be  re¬ 
duced,  fit  should  be  increased  to  a 
frequency  above  the  musical  range. 
Under  this  condition  no  damping 
will  be  required. 

Neglecting  Rx  the  minimum  im¬ 
pedance  looking  into  this  circuit  will 
occur  in  the  region  of. 


Vertical  Force  on 


•'  '.  1,000  ! 

Record  Frequency  in  Cycle's  Per  Second 


10,000 


KWWO 


Frequency  in  Cycles  Per  Second 


Fig.  7 — Characteristic  labeled  A  is  record  noise  from 
a  conTentional  pickup  of  the  replaceable  needle  type. 
Characteristic  labeled  B  represents  the  new  design 


Fig.  8 — The  Toltage-frequency  response  of  the  new  design.  The  char¬ 
acteristic  labeled  A  is  normal  and  that  labeled  B  is  with  the  coupling 
(stylus-to-chuck)  damping  block  remoTed 
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and,  consequently,  the  reproduction 
will  be  distorted.  On  the  other  hand, 
a  0.004-inch  radius  may  result  in  the 
stylus  resting  on  the  upper  groove 
edges  which  are  often  rough  and 


sponse.  This  results  in  a  desirable 
condition  as  less  electric  circuit  com¬ 
pensation  is  required  (therefore 
less  loss  in  gain)  to  produce  the  most 
commonly  employed  overall  fidelity 


damaged  by  scratches  on  the  surface  at  the  voice  coil.  The  voltage  output 


of  the  record.  As  a  consequence  of 
this  condition  record  scratch  and 
ticks  are  increased. 

Record  Noito  Checkf 

Figure  7  shows  a  comparison  be¬ 
tween  the  measured  response  of 
record  noise  from  a  conventional 
pickup  of  the  replaceable  needle 
type,  labeled  .1,  and  from  the  pickup 
described  in  this  paper,  labeled  B. 
These  characteristics  are  indicative 
of  the  response  of  record  noise.  The 
method  used  to  measure  record  noise 
together  with  a  discussion  of  the 
results  is  included  in  this  paper. 
Tests  conducted  under  actual  oper¬ 
ating  conditions  in  the  home  indi¬ 
cate  that  the  performance  of  this 
pickup,  with  respect  to  record  noise, 
is  entirely  satisfactory  at  any  prac¬ 
tical  low  level  of  reproduction.  By 
way  of  a  comparison,  tests  conducted 
under  the  same  conditions  indicate 


of  the  pickup  referred  to  400  cps  is 
0.7  volt  from  a  record  having  an 
amplitude  of  0.00102  inches  (0.00259 
cm.)  This  voltage  value,  together 
with  compensation  loss,  is  more  than 
sufficient  to  overload  an  amplifier 
employing  a  6R7  preamplifier,  a 
6SQ7  amplifier,  a  6SQ7  phase  in¬ 
verter,  and  two  6F6  output  tubes. 
The  internal  electric  impedance  of 
the  pickup  is  that  of  a  capacitor  hav¬ 
ing  a  capacitance  of  2000  /x/if;  for 
all  practical  purposes  the  series  and 
shunt  resistances  can  be  neglected. 

Device  for  Measuring  Record  Noise 

Record  noise,  has  been  defined  as 
the  sounds  generated  and  radiated 
directly  into  the  air  by  the  vibrating 
parts  of  the  record,  pickup,  and  tone 
arm.  Under  actual  conditions  of 
playing  a  record  the  record  noise  is 
a  function  of  the  subject  matter  as 
recorded  on  the  record  and  of  the 
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While  in  the  final  analysis  listening 
tests  are  used  to  demonstrate  the 
reduction  of  record  noise,  such  tests 
do  not  result  in  data  of  a  permanent 
nature.  Further,  the  quantitative 
measure  of  the  result  rests  solely  in 
the  listener’s  impression  of  the  test. 
For  these  reasons  it  has  been  found 
desirable  to  develop  a  device  which 
will  give  a  permanent  record  of  the 
quantitative  measure  of  record 


Frequency  Response  |.jjggg  reasons  it  has  been  found 

Figure  8  shows  the  voltage-fre-  desirable  to  develop  a  device  which 

quency  response  of  the  pickup  and  will  give  a  permanent  record  of  the 

tone-arm  assembly  as  mounted  on  quantitative  measure  of  record 

the  record  changer.  For  the  purpose  noise, 

of  this  response  the  pickup  was  op¬ 
erated  open  circuited  except  for  the  Apparatus  Utilii.d 

input  circuit  of  the  voltmeter  which 

has  a  measured  d-c  resistance  of  1  The  device  as  developed  consists 
megohm.  The  frequency  record  used  of  a  sound-proof  chamber  containing 
was  cut  constant-amplitude  from  30  a  turntable  and  a  microphone.  The 
to  approximately  800  cps  and  con-  design  of  the  chamber  is  such  that 


stant-velocity  from  the  latter  value 
to  10,000  cps.  The  characteristic  la¬ 
beled  A  is  normal  and  that  labeled  B 
is  with  the  coupling  (stylus-to- 
chuck)  damping  block  removed.  It 
will  be  observed  that  the  addition  of 
this  damping  block  serves  to  increase 
the  amplitude  of  the  high-frequency 
response  of  the  pickup  in  addition 
to  the  damping  effect  previously 
mentioned.  The  position  of  this 
damping  block  in  the  equivalent  elec¬ 
tric  circuit  (Fig.  2  and  3)  illustrates 
the  reason  for  the  increase  in  re- 


there  are  no  parallel  internal  sur¬ 
faces.  This  feature  tends  to  result 
in  a  uniform  distribution  of  the  re¬ 
flected  sound  field  within  the  cham¬ 
ber.  The  inner  surfaces  of  the  cham¬ 
ber  are  covered  with  a  layer  of  felt 
and  the  felt  in  turn  is  covered  with 
sheet  lead  so  the  actual  inner  sur¬ 
faces  are  lead.  The  felt  and  the  lead 
serve  to  make  the  chamber  sound 
proof  from  external  sources  of  noise. 
In  addition,  the  lead  serves  as  a 
highly  reflective  non-resonant  in¬ 
terior.  All  joints  and  cracks  around 


Fig.  9 — An  internal  view  of  the  chamber 
used  to  measure  the  response  of  reesrd 


the  door  are  sealed  by  a  rubber  gas¬ 
ket.  The  drive  for  the  turntable  is 
external  to  the  chamber  and  is 
mounted  by  means  of  a  mechanical 
filter  to  minimize  the  transmission 
cf  vibrations  to  the  interior  of  the 
chamber.  Provision  is  made  to 
mount  the  pickup  and  tone  arm  in 
the  proper  manner  and  position  with 
respect  to  the  turntable.  Figure  9 
shows  a  view  of  the  chamber  with 
the  door  open.  The  microphone  is 
normally  suspended  by  rubber  bands 
instead  of  by  a  wire  as  illustrated. 

The  output  circuit  of  the  micro¬ 
phone  is  connected  to  an  amplifier. 
The  output  of  the  amplifier  is  con¬ 
nected  to  a  db  recording  type  of  volt¬ 
meter  having  a  motor  drive  for  the 
paper.  Provision  is  made  in  the 
amplifier  for  the  use  of  a  high-pass 
electric  filter  to  minimize  the  effect 
of  rumble.  The  voltmeter  is  equip¬ 
ped  with  a  damping  means  which 
can  be  controlled.  The  voltmeter  is 
of  the  true-average-reading  type. 
The  scale  is  calibrated  in  terms  of 
the  db  level  of  the  applied  signal 
above  or  below  an  arbitrary  zero 
level.  Except  for  the  electric  filter 
(Continued  on  page  198) 
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IMPEDANCE  MAGNITUDE  ALIGNMENT  CHART 

This  alignment  chart  permits  graphical  solutions  of 
equations  of  the  type  represented  by  the  equation, 
7.  ~  for  values  of  XjH  from  0.1  to  10.  It  is 

thus  u.seful  for  determining  the  magnitude  of  an  imped¬ 
ance. 

To  determine  the  impedance  magnitude,  connect  the  se¬ 
lected  values  of  .V  and  H  with  a  straight  line  and  read 
the  impedance  on  the  appropriate  Z  scale.  If  the  values 
of  H  and  X  are  in  the  same  cycle  or  decade,  read  the  center 
scale,  Z.  If  R  and  A'  are  in  adjacent  cycles,  read  the  Z 
scale  nearest  the  larger  component.  Thus,  the  scale  Z'  is 
read  if  R  is  larger  than  A’;  the  Z"  scale  is  read  if  A'  is 
larger  than  R. 

Example:  To  determine  Z  =  (8.5='-t- 60’)  in  which  X 
is  in  the  cycle  beyond  R,  connect  8.5  on  the  R  scale  with  60 
on  the  A  scale  and  read  60.5  on  the  Z"  scal,e.  which  is 
nearer  the  larger  component.  X. 


IMPEDANCE  ANGLE  ALIGNMENT  CHART 

THK  impedance  angle  chart  is  designed  to  determine 
the  vector  angle  of  any  impedance  made  up  of  A' 
and  R  components  Tor  values  of  X  R  between  0.01  and  100. 

To  determine  tiie  phase  angle,  w,  connect  the  selected 
values  of  X  and  R  with  a  straight  edge  and  read  the  angle 
on  the  proper  w  scale.  If  .V  and  R  are  in  the  same  cycle  or 
decade,  read  the  center  scale,  ».  If  A’  and  R  are  in  adja¬ 
cent  cycles,  read  the  scale  nearest  the  larger  component. 

Example:  To  determine  the  angle  of  an  impedance  com¬ 
posed  of  R  =  20  ohms  and  X  =  50  ohms,  connect  20  on  the 
R  scale  with  50  on  the  A'  scale.  The  angle  is  =  68.2 
degrees,  read  from  the  center  scale. 

Example:  To  determine  the  angle  of  an  impedance, 
2-1,  and  X  —  850,  connect  24  on  the  R  scale  with  850 
on  the  X  .scale.  Since  these  values  are  not  in  the  .sam^ 
cycle  and  since  .V  is  larger  than  R,  read  a  —  88.3  degrees 
on  the  o"  scale. 
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CIRCUIT  TRANSFORMER 


A  two-stage  band-pass  amplifier  having  high  and  variable  selectivity  with  uniform  band  pass- 
response  uses  a  three  resonant  circuit  transformer  and  complementary  two  circuit  trans¬ 
former.  Mr.  Winkler  provides  simplified  procedure  for  designing  suitable  transformers  of 
optimum  performance 


IT  is  often  an  object  in  the  design 
of  radio  frequency  amplifiers  to 
obtain  a  frequency  response  char¬ 
acteristic  which  passes  all  frequen¬ 
cies  in  a  desired  band  as  uniformly 
as  possible,  and  which  greatly  at¬ 
tenuates  all  frequencies  outside  of 
this  pass  band.  It  is  customary  to 
speak  of  the  ideal  form  of  frequency 
response  as  a  curve  which  is  rectan¬ 
gular  in  shape.  Such  a  response  pro¬ 
vides  absolutely  uniform  gain  over 
the  pass  band  (or  bandwidth)  and 
has  infinite  attenuation  at  all  other 
frequencies.  While  this  ideal  type  of 
characteristic  cannot  be  obtained  in 
practice,  at  least  with  fairly  simple 
and  economically  justifiable  electri¬ 
cal  circuits,  this  characteristic  can 
be  more  or  less  closely  approached. 

In  the  past  one  of  the  circuits  com¬ 
monly  used  to  achieve  an  approach 
to  the  ideal  response  curve  has  been 
a  two  resonant  circuit  network 
which  is  sometimes  overcoupled. 


While  a  circuit  of  this  type  is 
straightforward,  and  has  been  an¬ 
alyzed  mathematically,  the  resultant 
characteristic  often  leaves  much  to 
be  desired. 

Other  more  complicated  methods, 
which  are  sometimes  used,  are  fre¬ 
quently  difficult  to  analyze  mathe¬ 
matically.  They  often  call  for  cir¬ 
cuit  construction  which  is  difficult 
to  achieve.  Moreover,  extensive  lab¬ 
oratory  equipment  for  making  the 
desired  tuning  adjustments  are 
sometimes  required. 

The  method  adopted  and  described 
in  this  article  provides  high  selec¬ 
tivity,  variable  selectivity  or  vari¬ 
able  bandwidth,  and  essentially  flat 
top  response.  The  interstage  coup¬ 
ling  circuits  used  in  this  system  are 
comparatively  easy  to  construct  and 
adjust. 

With  the  aid  of  tabulated  infor¬ 
mation  given  in  this  article,  any 
competent  amateur,  laboratory  tech¬ 


Tabular  Data  ior  Designing  Three  Circuit  Tronsiormer 
and  Its  Matched  Complementary  Two  Circuit  Network 


DESIGN  DATA  FOR  CRITICALLY  COUPLED  f  DESIGN  DATA  FOR  MATCHED 

THREE  RESONANT  CIRCUIT  TRANSFORMER  i  TWO  CIRCUIT  TRANSFORMER 

_ _ _ 


h 

5i>  =  Go/G, 

o,ad  =  Q  aSd 

a  aD=^Q  bSv 

b.=k. 

i^D  =  Gi>/G. 

oi)™Q5i) 

b.=k.Q 

0  250 

0.235 

3.62 

0.904 

3-30 

4  26 

4.16 

8.38 

0  500 

0  389 

2  .  II 

105 

3  72 

2  57 

2  42 

4-93 

I  00 

0.5745 

I  323 

1323 

2  449 

I  741 

I  502 

3  165 

2.00 

0.748 

0  894 

1.79 

2  43 

1-34 

0  994 

2.22 

4  00 

0.872 

0  641 

2.56 

2.64 

115 

0.692 

1. 71 

nician  or  engineer  can  design  and 
construct  the  interstage  coupling 
transformers,  which  are  the  primary 
feature  of  this  article,  without  hav¬ 
ing  a  comprehensive  understanding 
of  the  theory  involved.  However,  for 
those  who  are  interested  in  a  more 
detailed  analysis,  the  theoretical  as¬ 
pects  of  the  coupling  network  will 
be  found  in  the  appendix  to  this  ar¬ 
ticle. 

Essentially,  the  method  outlined 
in  this  article*  makes  use  of  an  am¬ 
plifier  consisting  of  two  stages  (or 
an  even  number  of  stages)  as  shown 
in  Fig.  1.  One  stage  utilizes  a  coup¬ 
ling  network  consisting  of  three 
resonant  circuits.  The  other  stage 
uses  a  more  or  less  conventional  two 
resonant  circuit  network..  The  es¬ 
sential  feature  of  the  amplifier  is 
that  the  respective  networks  or 
transformers  are  designed  such  that 
the  gain  or  voltage  amplification  of 
one  network  is  essentially  comple¬ 
mentary  to  that  of  the  other  over 
the  pass  band. 

The  response  curve  of  each  stage 
is  complex,  having  a  multiplicity  of 
peaks  or  maximums  and  valleys  or 
minimums.  The  peaks  of  one  re¬ 
sponse  curve  match  the  valleys  of 
the  other  and  vice-versa.  The  re¬ 
sultant  response  of  the  two  stage 
amplifiers  is  therefore  quite  uniform 
over  the  entire  pass  band. 

Description  of  the  Three  Resonont 
Circuit  Network 

The  most  interesting  part  of  the 
amplifier  circuit,  shown  in  Fig.  1. 
is  the  three  resonant  circuit  network 
and  the  manner  in  which  it  is  used. 

One  form  of  this  circuit,  using 
mutual  inductance  coupling,  is  shown 


96 


January  1943  —  ELECTRONIC  S 


4^ 


I 


MARION  R.  WINKLER 

Hickm  ille,  S.  V. 


in  Fig.  2.  Other  equivalent  forms  of 
coupling  which  may  be  used  are 
shown  in  Fig.  3  and  4. 

In  all  these  circuits,  the  coupling 
or  mutual  reactance  is  zero  between 
the  first  resonant  circuit  A  and  the 
last  resonant  circuit  C.  If  the  inter¬ 
mediate  circuit  B  is  removed,  no 
electrical  energy  can  be  transferred 
from  circuit  A  to  circuit  C.  Under 
these  conditions,  the  electrical  en¬ 
ergy  must  travel  through  all  three 
high-0  resonant  circuits,  one  at  a 
time,  thereby  obtaining  high  selec¬ 
tivity. 

Each  circuit  is  individually  tuned 
to  the  same  resonant  frequency. 
Band  spread  is  obtained  by  increas¬ 
ing  the  coupling  rather  than  by  tun¬ 
ing  the  individual  circuits  to  differ¬ 
ent  frequencies. 

Calculated  universal  resonance 
curves  of  the  three  resonant  circuit 
network  of  Fig.  2,  are  shown  in  Fig. 
5,  for  the  condition  that  the  Q  of 
all  the  circuits  is  the  same,  i.e., 
z=  Qg  =  Qc.  The  curve  marked 
"Maximum  Selectivity”  is  the  re¬ 
sponse  obtained  as  the  coupling  ap¬ 
proaches  zero.  The  curve  marked 
"Desired  Band  Spread’  is  the  re¬ 
sponse  obtained  w'hen  the  coupling 
is  critical.  Critical  coupling  w’ill  be 
defined  as  that  coupling  w’hich  pro¬ 
duces  a  flat  plateau  on  each  side  of 
the  resonant  frequency;  less  coup¬ 
ling  causes  the  flat  plateaus  to  dis¬ 
appear,  while  greater  coupling  pro¬ 
duces  a  peak  and  valley  on  each  side 
of  resonance. 

.Mathematically,  with  critical 
coupling,  each  plateau  contains  a 
maximum  and  a  minimum  which 
coincide.  These  maxima  and  minima 
are  real  algebraic  roots  obtained 
from  the  equations  for  resonance. 
When  the  coupling  is  increased,  the 
roots  become  distinct  and  of  differ¬ 
ent  vailues,  and  each  plateau  re¬ 
solves  itself  into  a  maximum  and  a 


•  nistorically,  one  of  the  earliest  applioa 
of  a  circuit  resembllnK  that  used  in 
this  article  was  a  filter  chain  network  d<- 
“'•rihed  by  Hang  Riesger  of  Herlin,  (lernian.v. 
•  S.  Patent  No.  1.003.806.  German  appli 
ation  filed  .^UKUst  31,  lO’.’l. 
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Fig.  1— Schematic  wiring  diagram  of  two  stage  amplifier  containing  a  three 
resonant  circuit  network  and  complementary  two  circuit  network  for  proTiding 
uniform  response  in  the  pass  band 
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Hg.  2 — Three  resonant  circuit  transformer  with  mutual  inductance  coupling 
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Fig.  3 — Three  resonant  circuit  network  with  common  resistance  coupling 
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Fig.  4  Three  resonant  circuit  network  with  common  capacitance  coupling 


nishes  considerable  information  re¬ 
garding  the  general  shape  of  the 
universal  resonance  curves.  As  al¬ 
ready  stated,  the  relative  gain  go  is 
the  ratio  of  the  gain  at  the  outer 
roots  to  the  gain  at  resonance.  From 
the  values  of  Qd  given  in  the  table, 
universal  resonance  curves  may  be 
quite  accurately  sketched.  This  in¬ 
formation  furnishes  the  ordinates  of 
three  points  (three  roots)  through 
which  the  curve  passes;  the  slopes 
of  the  curve  through  these  points  is 
zero,  i.e.,  the  curve  is  flat  through 
these  points. 

Changing  the  factor  h,  alters  the 
shape  of  the  component  curves.  When 
h  is  increased,  the  ripple  in  the  re¬ 
sultant  curve,  and  the  selectivity  of 
the  two  stage  amplifier  are  both  re¬ 
duced.  When  h  is  decreased,  the  re¬ 
verse  is  true.  In  general  a  happy 
mean  between  high  selectivity  and 
uniform  pass  band  response  occurs 
when  h  is  near  unity.  Practical 
values  of  Q  also  result  when  h  is 
near  unity. 

In  columns  3,  4  and  7  will  be 
found  data  for  a  constant  of  the 
universal  resonance  curve  defined 
as  the  product  of  the  fractional  fre¬ 
quency  deviation  and  the  circuit 

Q.  Thus  a 


design  procedure  and  calculations 
are  as  follows: 

1.  Preliminary  Data  and  .\s8umption8 

Choice  of  type  of  cur\  e .  =■  1 

Resonant  frequency ...  /,  =»  505  kc. 

Frequency  deviation  of 

critical  roots  from 

resonance .  A/o  —  9.1  kc. 

Fractional  frequency 
deviation  at  critical 
roots .  5i)  Afo  **  0.018 

/. 

2.  Three  Resonant  Circuit  Calculations 

(from  Table  I) 

Universal  constant. ...  ao  *  1.323 


Circuit  Q .  Q 


73.6 


3.  Two  Resonant  Circuit  Calculations 
^Universal  constant. ...  «/>  =  1.502 


^  Circuit  Q .  Q  =  =  83.5 


The  experimental  three  resonant 
circuit  transformer  is  shown  in  Fig. 
8.  The  two  resonant  circuit  trans¬ 
former  was  almost  identical  except 
for  omission  of  one  resonant  circuit. 

The  transformers  w’ere  made  with 
variable  mutual  inductance  coupling 
in  order  to  provide  variable  selectiv¬ 
ity  as  well  as  a  means  of  easily  align¬ 
ing  the  units. 

On  the  three  resonant  circuit 
transformer,  the  coefficient  of  coupl¬ 
ing  between  the  first  two  coils  was 
equal  to  that  of  the  last  two  coils  at 
all  times.  The  coupling  between  the 
first  and  third  coils  was  kept  zero 
and  the  intermediate  coil  was  kept 


=  Q5  where  o  =  ^  = 

•  The  quantity  a  has  a  value  of 

zero  at  resonance.  Its  value  at  the 
critical  roots,  xt,  is  an  essential  de¬ 
sign  factor  from  which  circuit  Q 
may  be  derived. 

Since  the  Q  of  the  circuits  in  the 
three  resonant  circuit  network  may 
not  be  the  same,  there  are  two  values 
of  Xu,  namely  xu>  and  a»n.  The  two 
resonant  circuit  network  has  only 
value  of  Xu.  These  values  permit  one 
to  readily  calculate  the  Q  of  the  cir¬ 
cuits  if  the  desired  fractional  fre¬ 
quency  deviation  at  the  critical  roots 
is  known.  This  frequency  deviation 
is  about  80  percent  of  the  frequency 
deviation  at  the  pass  band  edges. 

The  product  of  the  Q  and  the  co¬ 
efficient  of  coupling,  k,  is  another 
design  quantity  defined  as 
b  =  kQ 

Values  of  this  universal  quantity 
which  are  necessary  for  critical 
couplings  are  given  in  the  fifth  and 
seventh  columns  of  Table  I. 

Experimental  Models  and  Results 

A  three  resonant  circuit  trans- 
f  rmer  and  a  matched  two  resonant 
circuit  transformer  were  constructed 
according  to  calculated  design.  The 


Fiq.  8 — Interior  end  exterior  views  of  three  resonant  circuit  transformer: 
Exterior  view  (top)  with  trimmer  screws  (ends)  and  shaft  for  varying  coupling 
of  center  coil.  Interior  view  (center)  showing  three  coils,  with  copper  wire 
spiral  static  s.hield  on  each  coil,  and  coupling  between  -enter  and  outer  coils 
only.  View  looking  at  transformer  coils,  end  on  (bottom) 
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Fig.  S — Colcolotgd  uiuT*nal  retononce  Fig.  6 — Calculated  universal  resonance 
curve  oi  critically  coupled  three  resonant  curve  of  matched  two  resonant  circuit 
circuit  network  transformer  network 


Fig.  7 — Calculated  resultant  universal  res¬ 
onance  curve  for  two  and  three  resonant 
matched  transformer  networks 


By  designing  the  three  resonant  transformer  for  plateaus  on  eoch  side  of 
resonance,  and  two  resonant  transformer  to  have  peaks  at  these  plateaus, 
the  combined  overall  response.  Fig.  7.  has  only  slight  ripple  in  the  pass  band. 


minimum.  When  the  coupling  is  re¬ 
duced,  these  roots  become  imagin¬ 
ary  and  the  plateaus  disappear.  In 
addition  to  these  four  roots,  there  is 
a  fifth  root  at  resonance. 

Since  the  two  resonant  circuit  net¬ 
work  has  only  three  distinct  roots  at 
most,  it  is  desirable,  for  purposes  of 
matching,  that  the  three  resonant 
circuit  network  should  have  its  coup¬ 
ling  adjusted  so  that  its  response 
curve  will  also  have  just  three  dis¬ 
tinct  roots.  This  is  one  of  the  rea¬ 
sons  for  adopting  the  critical  coupled 
response  curve  as  the  Desired  Band 
Spread  curve. 

The  points  on  the  universal  reso¬ 
nance  curve  of  Fig.  5,  at  which  the 
critical  roots  occur  are  at  D  =  =::1. 
This  is  a  matter  of  definition.  The 
term  D  is  only  a  rationalized  meas¬ 
ure  of  bandwidth  or  fractional  fre¬ 
quency  deviation.  The  ratio  of  the 
gain  at  any  point  of  the  curve  to  the 
gain  at  resonance  is  termed  the  rela¬ 
tive  gain  and  is  designated  by  g.  The 
relative  gain  at  the  point  D  = 
where  critical  roots  occur  is  g„. 

Description  of  the  Complimentary  Two 
Resonant  Circuit  Network 

The  two  resonant  circuit  network 
is  used  in  the  second  stage  of  the 
amplifier  shown  in  Fig.  1,  and  in 
the  pass  band,  has  a  response  curve 
having  relative  gain  complimentary 
to  that  of  the  three  resonant  circuit 
network.  Also,  the  frequency  of  each 
maximum  of  the  matched  two  reso¬ 
nant  circuit  response  curve  is  the 


same  as  the  frequency  of  a  plateau 
of  the  critically  coupled  three  reso¬ 
nant  circuit  response  curve  and  vice 
versa.  Mathematically,  this  is  ex¬ 
pressed  as 

got  =  1/(7 

The  subscripts  (*)  and  (*)  are  used 
to  differentiate  between  values  cor¬ 
responding  to  the  two  and  three 
resonant  circuit  networks  respec¬ 
tively. 

Various  forms  of  coupling  can  be 
used  in  the  two  resonant  circuit 
transformer  as  an  alternative  to  mu¬ 
tual  inductance  coupling  as  shown. 

The  solution  of  the  two  resonant 
circuit  problem  is  not  new.  Calcu¬ 
lated  universal  resonance  curves  of 
the  matched  two  resonant  circuit 
network  are  shown  in  Fig.  6.  The 
curve  Desired  Band  Spread  is  the 
response  curve  which  is  complimen¬ 
tary  to  the  response  curve  of  the 
critically  coupled  three  resonant  cir¬ 
cuit  transformer.  The  curve  Maxi¬ 
mum  Selectivity  is  the  response  ob¬ 
tained  as  the  coupling  approaches 
zerc  as  a  limit. 

Resultant  Response  of  Two  Stage 
Amplifier 

The  resultant  response  of  the  two 
stage  amplifier,  shown  in  Fig.  1,  is 
given  in  Fig.  7.  These  curves  are 
obtained  by  combining  the  response 
curves  of  Fig.  5  and  Fig.  6.  The 
curves  in  Fig.  7  are  for  the  condi¬ 
tion  that  all  resonant  circuits,  in  the 
three  resonant  circuit  network,  have 
the  same  Q. 


It  is  observed  that  although  the 
three  circuit  and  two  circuit  curves 
match  at  the  roots  (D  =  0  and 
D  =  lil),  the  resultant  curve  ha.s 
some  “ripple.”  The  actual  amount  of 
ripple  is  small;  at  the  point  D  = 
=t0.5,  which  is  midway  between  the 
point  of  resonance  and  the  critical 
roots,  the  relative  gain  is  0.806.  This 
is  less  than  two  decibels  below  the 
gain  at  resonance  or  at  the  critical 
roots. 

Tabular  Data  for  Dotign  of  Resonant 
Transformers 

The  data  in  Table  I  contain  all  the 
information  necessary  for  the  calcu¬ 
lation  and  design  of  the  three  reson¬ 
ant  and  the  two  resonant  networks 
which,  when  used  in  cascade  in  a 
two-stage  amplifier,  will  produce  sub¬ 
stantially  uniform  gain  throughout 
the  pass  band. 

The  symbol  h  used  in  the  first  col¬ 
umn  represents  the  ratio  of  the  Q  of 
the  central  circuit  to  the  Q  of  the 
first  or  third  circuits  of  the  three 
resonant  circuit  network.  That  is 

h  =  Qh  Qa  =  Qt  Qc 

For  each  value  of  h  there  exists  a 
universal  resonance  curve  of  the 
critically  coupled  three  resonant  cir¬ 
cuit  network.  For  each  of  these 
curves  there  is  a  corresponding  uni¬ 
versal  resonance  curve  of  the 
matched  two  resonant  circuit  net¬ 
work. 

The  factor  g„,  listed  in  the  second 
and  sixth  columns  of  the  table,  fur- 
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Fig.  1 — Block  diagram  showing  principle  of 
operation  of  electronic  balancing  machine. 
Amount  and  position  oi  unbalance  in  a 
rotated  part  is  shown  directly  on  the 
screen  oi  the  cathode-ray  tube 


Electronic  Machine 
Balances  Rotating  Parts 

A  DYNAMIC  balancing  machine  designed 
by  the  R.  B.  Annis  Company  of  Indian¬ 
apolis  determines  and  indicates  the 
amount  and  position  of  unbalance  in 
small  rotating  parts  through  a  single 
reading  of  the  trace  on  the  screen  of  a 
cathode-ray  tube. 

The  part  to  be  checked  is  suspended 
on  its  own  shaft  in  light-weight,  free- 
floating  bearings  and  is  rotated  by  a 
driving  belt  as  shown  in  Fig.  1.  A 
beam  of  light  impinges  upon  one  end 
of  the  rotating  part  and  is  reflected 
to  a  phototube.  The  light  is  interrupted 
once  each  rotation  by  a  reference  tab 
affixed  to  the  end  of  the  part  during  the 
test  and  from  which  there  is  little 
reflection.  Thus  a  timing  pulse  rate 
dependent  upon  the  speed  of  rotation 
appears  across  the  output  of  the  photo¬ 
tube  and  is  passed  to  the  cathode-ray 
tube  amplifier. 

Voltage  proportional  to  the  bearing 
vibration  is  generated  at  each  end  of 
the  shaft  by  electrical  pickups  connect¬ 
ed  to  the  catho<le-ray  tube  amplifier 
through  a  bridge.  Unbalance  voltage 
appearing  across  the  output  of  the 
bridge  when  bearing  pressure  is  un¬ 
equal  is  indicated  by  the  height  of  the 
cathode-ray  tube  trace.  Position  of 
unbalance  is  also  shown  by  the  trace 
as  the  phase  relationship  between  vol¬ 
tage  generated  by  the  pickups  and 
voltage  generated  by  the  phototube. 

The  reference  tab  on  the  end  of  the 
rotated  part  is  set  opposite  the  light 
spot  while  the  part  to  be  tested  is  at 
rest,  before  the  rotating  motor  is 
started.  The  phototube  and  exciter 
lamp  head  are  on  the  same  optical  axis 
in  a  common  frame  which  may  be  rota¬ 
ted  eccentrically  around  a  central  pivot 
by  means  of  a  handwheel.  A  constant 
correction  position  may  be  obtained  by 
turning  the  handwheel  so  that  zei’o 
phase  relationship  exists  between  pho¬ 
totube  and  bridge  circuit  output  volt- 
a<res.  A  switch  included  in  the  machine 
permits  the  operator  to  determine  the 
I  stent  of  unbalance  in  either  of  two 
C' rrection  planes. 

The  largest  photograph  in  Fig.  2 
-  ows  the  “Dynograph”  in  use  in  an  in¬ 


dustrial  plant,  with  the  operator  cor-  cable  to  electrical  pickup  number  one 
recting  unbalance  in  a  small  rotating  (14)  913  cathode-ray  tube  (17)  driv- 
part  under  test  by  adding  the  weight  ing  motor  pulley  (18)  idler  slide  bar 
of  solder  where  it  is  needed  to  true  up  (21)  idler  pulley  (22)  fabric  drive  belt 
the  part.  Identifying  numerals  and  (23)  foot  swntch  (24)  vibration  isolat- 
letters  in  the  other  photographs  indi-  ing  mount  (H)  calibrated  handwheel 
cate  the  location  of  balancing  machine  (A)  photoelectric  optical  system  (.V) 
parts,  as  follows:  (1)  A-c  power  carriage  base  for  right  and  left  move- 
switch  (3)  horizontal  gain  control  (4)  ment  (P)  front  vertical  guard  (Q) 
vertical  gain  control  (5)  left-right  un-  rear  vertical  guard  and  right  and  left 
balance  plane  selection  switch  (6)  po-  pickup  housing  (U)  connector  for 
tentiometer  dial  (7)  power  cord  (10)  pickup  number  two  (Z)  belt  bracket. 


Fig.  2.  Photos  showing  the  balancing  machine  in  use  and  the  locations  oi 
various  component  parts.  Designating  numerals  and  letters  are  referred  to 

in  the  text 
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symmetrical  to  them  at  all  times. 
There  are  other  forms  of  trans¬ 
former  construction  differing  some¬ 
what  from  that  of  Fig.  8  which 
provide  the  same  coupling  and  vari¬ 
ations  of  coupling.** 

Capacity  coupling  on  both  trans¬ 
formers  was  eliminated  rather 
uniquely  by  grounding  the  outside 
plates  of  the  trimmer  condensers,  by 
arranging  the  coil  leads  to  prevent 
coupling,  and  by  placing  a  static 
shield  around  the  coils.  Capacity 
coupling  is  not  objectionable  unless 
it  disturbs  coupling  symmetry  or 
prevents  zero  coupling  from  being 
obtained. 

The  circuits  were  tuned  when  the 
coupling  was  quite  small.  The  coup¬ 
ling  was  then  increased  to  give  the 
desired  response. 

The  response  curves  of  the  experi¬ 
mental  models  is  shown  in  Fig.  9. 

Appendix 

The  mathematical  solutions  are  not 
complicated  and  owe  much  of  their 
simplicity  to  the  nomenclature  chosen. 
The  method  used  has  evolved,  with 
some  changes,  from  a  system  used  by 
E.  S.  Purrington.*  It  is  desirable,  be¬ 
fore  discussing  solutions,  to  tabulate 
most  of  the  terms  and  their  definitions. 

/  =  frequency  (cps) 

to  =  2  it/ 

K  =  coefficient  of  coupling 

8  =  ^  ^  =  — - —  =  fractional 

ft  ft  w. 

frequency  deviation 
C  =  capacity  (farads) 

L  =  inductance  (henries) 

R  =  resistance  (ohms) 

.Y  =  reactance  (ohms) 


A’=  QR 

M  =  KQR  =*  mutual  reactance 
e  =  voltage  in  series  with  input  circuit 
e,  =  output  voltage  across  reactance 
G  =  absolute  gain 

g  =  ■  ^  ■  =  relative  gain 


nueTXMM.  PNEOUCNCY  OCVUTION 
CXWKaSP)  M  TOMS  OF  mOTON  *0* 


Fig.  9 — Experimental  resonance  curves  oi 
critically  coupled  three  resonant  circuit, 
and  its  complementary  matched  two  reson¬ 
ant  circuit  network.  The  overall  response 
may  be  determined  by  adding,  algebraic¬ 
ally.  the  response  oi  the  component  net¬ 
works  shown  here. 


We  can  write  approximately, 

Z  =  R  +i2  hXt  =  R{\  +j2  hQ) 

Z  =  ft(l-Hj2a) 

Solution  of  the  Three  Resonant 
Circuit  Problem 

A  ratheT  convenient  solution  of  the 
three  resonant  circuit  networks  shown 
in  Fig.  2,  Fig.  3,  and  Fig.  4,  can  be 
obtained  if  the  coefficient  of  coupling 
is  assumed  to  be  zero  between  circuit 
A  and  circuit  C.  A  simplified  solution 
has  been  known  *  but  a  more  general¬ 
ized  solution  will  be  given  here. 

The  subscript  (,)  will  be  omitted 
while  discussing  only  the  three  reson¬ 
ant  circuit  problem.  Three  simulta¬ 
neous  equations  describe  the  voltage 
components  in  the  respective  circuits. 


h  =  ratio  of  Q  between  resonant  circuits 
I  =  ratio  of  reactance  between  output  and 
resonant  circuits 
a  =  6Q 

h  =  KQ 

Subscript  (,)  indicates  value  at  resonance 
Subscript  (d)  indicates  value  at  roots 
Subscript  (i)  refers  to  two  resonant  circuit 
problem  t 

Subscript  (i)  refers  to  three  resonant  circuit 
problem  t 

A  simplified  expression  for  the  im¬ 
pedance  of  a  series  resonant  circuit, 
which  appear  often  in  solutions  to  fol¬ 
low,  can  be  decluced  from  definitions 
given  above. 

••  One  form  of  transformer  construction 
described  by  Crossley  and  Meinema  (U.  S. 
Patent  Xo.  2.104,79‘J)  can  be  made  to  work 
equally  well  if  the  effects  of  capacity  coupling 
are  not  permitted  to  be  detrimental. 

(tThe  subscripts  (*)  and  (s)  will  ordinarily 
be  omitted.  They  will  be  used  only  where 
values  might  conflict.! 


e  =  Z  aI  A  j  M  AB  I  B 
0=  ^jMABlA-{-ZBlBzhjMBcIc 
0=  ^jMBclB-\-Zclc 

Eliminating  Z,  and  Ig  and  solving  for  If, 


I  c  = 


-  e  MabMi 


Z aZ bZ c  Z aM B Z c  M A  B^ 

The  method  of  solution  assumes  sym¬ 
metry,  so  let 

Qa  =  Qc,  Z c  =  IZ A  then  \I bc  =  \l  M a  b 
Solving  for  gain 


G.-- 


A'.,  Mab* 


e  •  Za^Zb  + 2  ZaMab‘‘ 

Also  let  Qb  =  HQa  and  as  =  hocA  then 


G  =  <l 


QAb^ 


+ 


(1  -  4a  -  -t-  26*) 

_ 

7  (4a*  -j-  2ha  —  8/ia*  4^ra) 


G  =  _ _ 

V - 

16a/  {I  +  2h‘  -  AhV)  + 
4a/(2+A» -4A6* -f  46*-h4  6«)  - 
(1  -1-  6*  4-  4  6‘) 

It  is  interesting  to  note  that  in  the 
above  expression  the  gain  is  proptjr- 
tional  to  the  square  root  of  the  ratio  of 
the  output  to  input  impedance  \‘ I  just 
as  it  is  for  ordinary  low  frequency 
transformer.  Rememberoing  is  zero 
at  resonance,  the  relative  gain  is 

fj  1  -h26» _ 

3  =  -rj-  =  64a/  (h*)  +  ' 

4  16a/ (1  +  2  A*  -  4  «»*) 

T  4a/(2  +  /i*-4  66*-f  4  6*-h 
4  6«)  -+-  (1  +  4  6*  -1-  4  6«) 

By  differentiating  relative  gain  in  re¬ 
spect  to  and  equating  to  zero,  it  is 
possible  to  solve  for  the  roots  of  the 
resonance  curve. 


^  =  0  =  48a/ (6*)  + 

8a/(l-|-2  6*-4W)»)  + 
a^  (2  -f  A*  -  4  66*  f  4  6*  -f 
4  6«) 

The  five  roots  are 

a.4  =  0 

a4=  ±  r(4A)6,  -  (1  -t-2A»)  ± 

L  12  6* 

V4  6*6«-(46)  (2+6)  (H  6)6*4-(l  -6*)*’ 

12  6*  j 

Critical  coupling  occurs  when  the  in¬ 
ner  radical  becomes  zero  for  which 

(2+3  6 -f-6*) -f  v3+12  6+15  6*+66‘ 
62.  =  - - 2-^- - - - 


and,  oav^ 


(4  6)6*  -  (1  +  2  6*) 
12  6* 


The  factor  D,  by  definition,  is  made 
equal  to  unity  at  the  roots  in  order  to 
have  a  common  abscissa  for  plotting 
the  response  curves. 


I  (4  6)6*  -  (1  +  2  6*) 

^  12  6* 

The  relative  gain,  when  the  coupling 
approaches  zero  as  a  limit,  6— >0,  is  as 
follows : 

Limit  1 

^  V(46*a/  +  1)  (4a/  +  D* 

It  is  interesting  to  note  that  this  rela¬ 
tive  gain  is  the  same  as  the  product  of 
the  relative  gain  of  the  corresponding 
circuits  used  as  single  x'esonant  circuits. 
The  relative  gain  of  a  single  resonant 
circuit  may  be  derived  as  follows: 

_  J _ 1_ 

1  +  j2a  V  4a*  +  1 

Typical  universal  resonance  curveg  for 
single  resonant  circuits  may  be  plotted 
from  this  simple  equation. 


Solution  of  the  Two  Resonant  Circuit 
Problem 


Omitting  the  subscript  (,)  the  volt¬ 
age  components  for  all  common  types 
of  coupling  are 

e  =  Z aI A  -i:.  j\fl  B 

0  =  ±  jMI  A  Z  bI  B 

(Continued  on  page  204) 
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.¥i^^^exper  rnienti  ng 
felyoti  won’t  have '  to 


General  Electric  is  operating  today  one 
the  world’s  most  compl<;te  tele\’ision  station^ 
WRGB,  at  Schenectady.  There,  within  the 
itations  of  full-scale  war  prrxluction,  G.  E 
gaining  practical  knowledge  on  which  to 
a  new  industr\-. 


For  a  clear  television  picture  on  a  fluo  j 
screen  is  only  the  beginning  of  television  '  ; 

there  on  out,  problems  still  loom.  \Miat  «  ; 
television  offer  that  movies,  theater,  concert  hal 
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^or  television,  visit  General  Electric’s  proving-ground  station  WRGB,  shou’ii  above 


talents  and  ideas.  For  the  General  Electric  vi¬ 
sion  is  to  make  television  stand  on  its  own  feet 
as  a  new  cultural  and  entertainment  medium. 

In  the  future,  when  you  are  planning  your 
television  station,  General  Electric  will  be  ready 
with  a  wealth  of  experience  in  television  pro¬ 
gramming  and  techniques.  General  Electric  to¬ 
day  is  scanning  tomorrow.  .  .  .  Radio,  Television, 
and  Electronics  Department,  General  Electric 
Com  pan  V.  Schenectadv.  \ew  York. 


f  1.  and  radio  cannot  offer?  Will  the  tele- 
Tsion  screen  make  a  good  teaching  platfonn? 

V  ill  it  further  the  fine  arts,  science,  industr\? 

Y  •  can  it  offer  uniquely  to  the  church? 

How,  in  short,  will  television  best  serve  the 
f  blic  w  elfare?  I  low  best  improve  our  lives? 
General  Electric  electronic  engineers  are 

•  dying  and  improving  transmission  and  recep- 

•  ■  \nd  studio  manager  and  program  staff 
2  urged  to  give  fullest  expression  to  creative 
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Scale  designed  to  audibly  indicate  "standard"  weight,  under-weight  and 
orer-weight.  A  steady  tone  is  heard  in  the  headphones  in  the  first  case,  the 
code  signal  "a"  in  the  second  and  "n"  in  the  third 


Scale  Audibly  Indicates 
Selected  Standard  Weight 

A  SCALE  suggested  by  a  Buffalo  blind 
woman,  developed  by  the  Toledo  Scale 
Company  and  recently  demonstrated  at 
the  offices  of  the  American  Foundation 
for  the  Blind  transmits  a  continuous 
tone  to  a  pair  of  headphones  when  the 
weight  of  objects  placed  upon  its  plat¬ 
form  exactly  corresponds  with  any  se¬ 
lected  standard  weight  within  the  range 
of  the  scale,  sends  the  code-letter  “a” 
when  objects  weigh  less  than  the  stand¬ 
ard  and  the  letter  “n”  when  they  weigh 
more.  Obviously  invaluable  to  the  blind, 
the  scale  should  also  prove  useful  to 
people  having  normal  sight  where,  for 
example,  an  industrial  process  re¬ 
quires  weighing  of  objects  in  the  dark 
or  where  the  worker’s  eyes  must  simul¬ 
taneously  be  used  in  another  operation. 

A  small,  light  metal  plate  is  perma¬ 
nently  fastened  to  the  pointer  of  the 
visual  weight  indicating  device.  Two 
“fixed”  plates,  insulated  from  each 
other  and  from  a  knob  which  permits 
them  to  be  moved  to  a  position  corres¬ 
ponding  with  the  desired  standard 
weight,  are  positioned  in  close  prox¬ 
imity  to  the  plate  fastened  on  the 
pointer.  The  three  plates  constitute  a 
split-stator  capacitor  of  about  lOMMf 
maximum  capacity,  with  the  pointer 
plate  serving  as  the  rotor. 

The  capacitor  is  connected  in  a  series 
circuit  containing  a  simple  1,000  cps 
General  Radio  “hummer”  type  signal 
generator,  the  primary  of  an  audio 
transformer  tuned  to  1,000  cps 
and  a  contact  driven  by  a  motor-oper¬ 
ated  cam.  The  cam  is  cut  so  that  two 
fixed  contacts,  connected  to  the  fixed 
plates  of  the  capacitor  in  a  branch  cir¬ 
cuit  arrangement,  are  opened  and  closed 
in  a  dot-dash-dot  sequence. 


It  will  be  seen  when  examining  the 
accompanying  diagram  that  when  the 
capacitor  rotor  is  exactly  centered  over 
the  slot  between  the  two  fixed  plates,  so 
that  the  capacity  from  the  rotor  plate 
is  precisely  the  same  to  each  stator 
plate,  the  amplitude  of  the  radio  sig¬ 
nal  flowing  in  the  primary  of  the  audio 
transformer  through  each  of  the  con¬ 
tact  circuit  branches  will  be  equal. 
When  this  condition  applies,  indicating 
close  agreement  between  the  weight  of 
objects  on  the  scale  and  the  standard 
weight  for  which  the  fixed  plate  ad¬ 
justment  knob  is  set,  a  steady  tone  will 
appear  in  the  headphones  owing  to  a 
merging  of  “a”  and  “n”  code  signals 
generated  by  the  motor  driven  disc,  in 
the  manner  indicated  by  the  notation 
at  the  bottom  of  the  diagram. 

When  the  weight  of  measured  objects 
is  less  than  the  standard  value  the 
scale  pointer  and  its  affiliated  capacitor 


rotor  plate  will  be  off  center  in  a  nega¬ 
tive  direction  and  when  the  weight  is 
more  than  standard  value  it  will  be  off 
center  in  a  positive  direction.  In  the 
first  case  the  amplitude  of  the  audio 
signal  flowing  through  the  larger  ca¬ 
pacity  in  series  with  the  minus  or  “a” 
branch  circuit  will  be  greater  than  that 
flowing  through  the  “n”  branch,  while 
in  the  latter  case  the  amplitude  of  the 
signal  flowing  through  the  “n”  branch 
will  be  greater  than  that  flowing 
through  the  “a”.  The  predominating 
code  signal  heard  in  the  headphones 
will,  therefore,  indicate  whether  ob¬ 
jects  are  under  or  over  standard  weight. 
An  operator  is  thus  guided  by  audio 
sigfnals,  in  very  much  the  same  manner 
as  is  the  pilot  of  an  airplane  following 
a  typical  radio  beam. 


Single  Contact  Controls 
Shaft  Rotation  Direction 

A  WIDELY  USEFUL  circuit  developed  by 
Hurley  Electronic  Controls  of  Chicago 
permits  the  direction  of  rotation  of  a 
shaft  driven  by  two  opposed  a-c  motors 
to  be  controlled  by  the  opening  and 
closing  of  a  single  make-break  contact, 
one  motor  being  energized  when  the 
contact  is  closed  and  the  other  motor 
operating  when  the  contact  is  open. 

The  control  contact  handles  little 
electrical  power  so  it  may  be  a  light, 
sensitive  unit  susceptible  to  operation 
by  a  small  amount  of  mechanical  force. 
This,  plus  the  fact  that  the  rapidity 
with  which  the  shaft  rotation  direction 
may  be  reversed  depends  almost  ex¬ 
clusively  upon  the  characteristics  of 
the  associated  driving  motors,  admir¬ 
ably  adapts  the  circuit  to  automatic 
control  of  such  things  as  temperature, 
pressure,  gas  and  liquid  flow.  The 
contact  may,  for  example,  be  adjusted 
for  operation  at  some  critical  value  by 
various  kinds  of  thermometers,  bellows 
and  valves.  Motion  of  the  controlled 
shaft  as  temperature,  pressure,  gas 
or  liquid  flow  trends  above  or  below 
the  selected  value  may  then  be  used 
to  effect  whatever  external  equipment 


Fig.  1 — Schematic  of  electronic  control  designed  to  rotate  a  shaft  in  one  direc¬ 
tion  when  temperature,  pressure,  gas  or  liquid  flow  falls  below  a  selected 
critical  value  and  in  the  other  when  such  factors  rise  above  the  critical  value. 
Motors  Ml  and  Mi  provide  the  power  to  operate  external  corrective  equipment 
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SUBSIDIARY:  UMITED-CARR  FASTENER  CORF.,  CAMBRIDSE,  MASS 


LITTLE 


RIGHT  UP  INTO  THE  SKY  AND  SPREAD  EVERYWHERE, 

all  the  time.  In  the  air...  on  land  and  sea,  "CINCH"  parts  fit 
in  perfectly  in  the  job  to  be  done.  Extensively  used... serving 
faithfully  in  the  rapidly  extending  upward  and  onward  lines 
...are  CINCH  sockets,  terminal  strips,  lugs  and  connectors. 
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adjustments  are  necessary  to  restore 
desired  conditions. 


Circuit  Operation  Principle 


A  typical  control  circuit  is  shown  m 
Fig.  1.  Reactor  L,  is  designed  to  Un  it 
current-flow  from  the  a-c  line  throu^-h 
series-connected  windings  and  L,^ 
so  that  motor  cannot  operate  unless 
the  reactor  core  is  saturated  by  d  c. 
flowing  through  winding  L,c.  Reactor 
L„  controlling  motor  M„  is  similarly- 
designed. 

^Direct  current  saturating  reactor 
L,  to  operate  motor  Af^  flows  throuj^h 
winding  L,c  only  when  thyratron  tube 
Ti  fires  and  self-rectifies  applied  a-c 
anode  voltage.  Tube  cannot  fire 
unless  the  control  contactor  is  closed. 
Similarly,  d.c.  saturating  reactor  Lj 
to  operate  motor  Af,  flows  through 
winding  only  when  thyratron  T, 
fires  and  self-rectifies  applied  a-c  ano<le 
voltage.  The  circuit  of  T,  is  arranged 
so  that  this  tube  cannot  fire  while  T, 
is  operating.  Tube  T*  fires  only  when 
the  control  contactor  is  open.  Both 
motors  obviously,  cannot  operate  at 
the  same  time. 

(It  should  be  noted  that,  in  addition 
to  their  function  as  motor  current  con¬ 
trol  reactors,  L,  and  L,  also  serve  as 
a.c.  anode  supply  voltage  transformers 
for  tubes  T,  and  T*.  Windings  L,*  L,* 
and  L^,  constitute  the  primaries  and 
windings  L,(.  and  L*-  the  secondaries. 
Anode  voltage  is  supplied  by  these 
reactor-transformers,  even  though 
there  may  be  insufficient  primary  cur¬ 
rent  flowing  to  operate  the  associated 
motors,  due  to  the  completion  of  pri¬ 
mary  loops  by  resistors  and  K.. 
These  resistors  also  permit  the  circuit 
to  function  if  motor  rotation  limit 
switches  are  included  as  shown  by  the 
dotted  lines  in  the  schematic.) 


Have  you  ever  contended  with  the  problem  of  controlling  mo¬ 
tion,  up  to  and  beyond  the  capabilities  of  mechanical  reaction.^ 

A  tube  which  does  just  that  is  the  type  967  grid  control 
rectifier.  This  tube  is  typical  of  the  many  developments 
United  Electronics  has  contributed  to  the  war  effort. 

Truly,  Genius  at  Work,  the  type  967  has  stepped  up  pro¬ 
duction  in  a  great  number  of  fields.  Control  of  welding 
operations,  control  of  high  speed  wrapping  machines,  count¬ 
ing  and  sorting  of  beans  to  bolts — are  just  a  few  of  the 
many  applications  dff^his  tube. 

Callite  Tungsten  is  justly  proud  that  its  precision  products 
played  a  part  in  the  development  and  production  of  this 
truly  remarkable  tube.  Perhaps  Callite's  extensive  metallur¬ 
gical  experience  can  assist  you  in  improving  the  quality  of 
your  product.  Why  not  consult  with  our  engineers  today? 


Open  Contact  Conditions 


With  the  control  contactor  open, 
a.c.  developed  across  transformer  TR^ 
secondary  B  is  rectified  in  the  grid- 
cathode  circuit  of  tube  Tj  and  charges 
capacitor  C,.  Because  of  the  phase  re¬ 
lationship  of  this  winding  and  winding 
L^c  of  reactor-transformer  L,  this  volt¬ 
age  biases  the  grid  of  tube  T,  nega¬ 
tively  w’ith  respect  to  the  cathode  and 
is  of  sufficient  amplitude  to  cut  off  this 
tube  despite  the  presence  of  a.c.  from 
winding  L,e  on  its  anode.  No  d.c.  anode 
current  flows  through  winding  L„, 
therefore  motor  Af,  cannot  operate. 

The  grid  of  tube  T,  is  connected 
through  capacitor  C,  to  one  leg  of  wind¬ 
ing  L,f.  and  through  capacitors  C,  and 
C,  to  one  leg  of  winding  L^-.  Phase- 
shift  of  potential  applied  across  grid- 
cathode  resistor  Rg  by  L,o  is  less  than 
that  of  the  grid  potential  derived  from 
voltage  across  L^.  since  only  capacitor 
Cj  is  effective  in  the  circuit  under  the 
open  control  contactor  conditions  out¬ 
lined.  Thus,  if  the  potential  across 
winding  L^^.  is  substantially  equal  to 
or  greater  than  the  potential  across 


Sp*cia(isti  in  Ihn  monufacturn  of  welds,  leod-in  wires,  filomenfs,  grids, 
formed  ports,  electrical  contacts,  bi-metals  and  other  metallurgical  prod¬ 
ucts.  You  will  greatly  facilitate  production  and  expedite  deliveries  by 
supplying  with  your  orders  properly  executed  Preference  Rating  Extensions. 


CABLES  “CALLITEE"  •  •flANCW  OmCESt  CHICAEO  •  CLEVELAMO 
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said  Dr.  Johnson . . . 


"We  K  now  a  Subject  Ourselves  or 
We  Know  Where  We  Can  Find  Information  About  It 


Wise  old  Samuel  Johnson  was  not,  we  suspect, 
taHcing  about  the  electronics  industries  .  .  .  But 
his  statement,  .like  most  basic  truths,  applies 
directly  to  the  increasing  search  for  knowledge 
among  executives  and  engineers  in  this  field. 

Here  at  I RG  you  will  find  a  Service  and  Infor¬ 
mation  Center  staffed  by  electronic  engineers  of 
outstanding  ability. 


Their  work  has  two  main  purposes:  — to  design, 
perfect  and  maintain  the  quality  of  IRC  Resistors; 
to  cooperate  with  you  on  Resistor  applications  of 
every  nature.  Their  counsel  is  scientifically  sound 
and  scientifically  impartial  whether  they  recom¬ 
mend  1  RC  units  or  some  other  make. 

If  there  is  a  Resistor  problem  puzzling  you, 
you  can  “find  information  about  it”  here. 
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■Rie|^et^  jfcv  Fixoi  ^MoAialde’ 


INTERNATIONAL  RESISTANCE  COMPANY 


WE  ARE  THERE  WITH 


AVIATION  RADIO  RANGEfflLTERS  -  TRANSMITTERS 


RELAY  COILS  -  TRANSFORMERS 


ELECTRONIC  EQUIPMENTS  AND  TEST  UNITS 


OXFORD-TARTAK  RADIO  CORP. 

3911  S.  Michigan  Ave.,  Chicago,  III. 


Figure  2  pictures  one  specific  type 
of  control  unit  embodying  the  circuit 
described.  In  this  instance  the  equip¬ 
ment  was  designed  to  accurately  and 
automatically  control  steam  pressure. 
There  are,  of  course,  many  other  appli¬ 
cations,  but  these  require  modifications 
in  the  type  of  gear  used  to  operate  the 
control  contact  and  selection  of  suitable 
motors  rather  than  cinmit  alterations. 
The  single  contact  control  principle 
described  may,  of  cour.se,  be  used  to 
operate  a  plurality  of  alternating  cur¬ 
rent  devices  beyond  the  two  dia¬ 
grammed.  Certain  applications  may 
dictate  the  substitution  of  solenoids 
or  other  a.c.  operated  devices  for  the 
motors. 


Fig.  2 — In  this  particular  control  a  pres- 
sure-sensitiTo  device  (lower  right),  operat¬ 
ing  a  single  make-break  contact  and  lour 
thyratron  tubes  (upper  right)  operate  two 
I  a-c  motors  on  a  common  shait  (upper  left) 
I  in  such  a  manner  that  steam  pressure  is 
:  kept  at  a  selected  critical  value 


BY  RADIO ! 


winding  Lj,.  it  will  decrease  the  effec¬ 
tive  phase-shift  of  the  potential  applied 
to  the  grid  of  T,  from  winding  L^c  and 
permit  anode  current  to  flow  through 
this  tube.  Stated  in  other  words,  when 
the  grid  of  tube  is  negatively  biased 
because  the  control  contactor  is  open, 
flow  of  d.c.  through  winding  L,®  ceases 
and  the  potential  across  this  winding 
increases  to  its  open-circuit  value. 
Open-circuit  voltage  is  approximately 
equal  to  the  open-circuit  potential 
across  winding  Ljc-  When  this  occurs, 
and  so  long  as  such  a  condition  applies, 
r,  passes  anode  current.  Therefore, 
d.c.  flows  through  winding  L^-  and 
motor  M,  operates. 

Closed  Contact  Conditions 

When  the  control  contact  is  closed 
capacitor  C,  is  discharged  to  ground, 
negative  bias  is  removed  from  the  grid 
of  thyratron  T,,  anode  current  flows 
through  winding  Lie,  reactor  Lj  satur¬ 
ates  and  motor  M,  operates.  Potential 
across  winding  Ljc  decreases  because  of 
the  voltage  drop  in  this  winding,  bias 
voltage  developed  by  winding  gains 
control  of  tube  T,  and  cuts  off  T.  anode 
current,  stopping  motor 
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.  RUGGED  TERMINALS 


STRONG  STEEL  CASE 


SILICON  STEEL  LAMINATIONS 


^  TROPIC  TESTED  IMPREGNATION 


SCIENTIFICALLY  WOUND  COILS 


NON  HYDROSCOPIC  POTTING  COMPOUND 


BAKELITE  PANEL 


HEAVY  INSULATION 


REINFORCED  CORNERS 


STANCOR  PROFESSIONAL  SERIES  TRANSFORMERS 


BUILT  TO  MEET  STRINGENT  WARTIME  REQUIREMENTS 


'^HE  Stancor  Professional  Series 
Transformers  are  the  logical  choice 
of  Radio  Engineers,  Broadcast  Engineers, 
(governmental  Agencies,  Radio  Manu¬ 
facturers  and  other  equipment  designers 
and  users.  They  are  built  to  meet  strin¬ 
gent  wartime  requirements. 

STANCOR  quality  assures  you  of  sound 
engineering  design,  the  finest  obtainable 
1  r.iw  materials,  thorough  inspections,  and 
I  high  standards  of  craftsmanship. 


★  GENERAL  SPECIFICATIONS  ★ 

CASE  DESIGN— 

A  rugged  physical  construction  featuring  re¬ 
versible  mounting  has  been  combined  with  a 
smart  uniform  appearance. 

INTERNAL  MECHANICAL  CONSTRUCTION— 

Special  brackets  and  or  blocks  added  in  as¬ 
sembly  prevent  shifting  of  coil  and  core 
inside  of  case. 

IMPREGNATION— 

The  traditional  STANCOR  vacuum  impreg¬ 
nation  provides  thorough  protection  against 
theeffec'ts  of  humidity  and  moisture.  The  special 
compound,  sealing  each  unit  in  its  case,  gives 
additional  protection  and  adds  to  the  long  life 
and  service  obtainable  from  these  units. 


STANDARD  TRANSrORMER  CORPORATION 

1  5  00  NORTH  HALSTED  STREET  •  CHICAGO 


The  Stancor  Professional 
Series  Catalog  No.  240  lists 
and  thoroughly  describes 
many  types  of  professional 
seriestransformers.  Also 
valuable  charts  to  help  you. 
Request  your  copy  today. 


Shells  Annealed  By  R.F. 
Induction  Heating  Machine 

A  M(H)iFiCATiON  of  shells  of  a  particu¬ 
lar  calibre  required  the  use  of  a  tap 
and  chaser  at  the  threaded  nose  fittii 
Tool  life  was  exceedingly  short  a  id 
investigation  disclosed  that  the  troulle 
was  caused  by  hardened  shot  from  a 
blasting  operation  lodging  in  tne 
threads  and  interfering  with  chai^er 
action. 


FOR  SALE 

QUANTITY  OF 

SEEBURG  DE  LUXE 

AUTOMATIC 
RECORD  CHANGER 


HOME  RECORDER 


"Butinesi  end"  oi  rJ.  induction  hooting 
unit  dooigned  to  onnool  ohell  noiei. 
Three  sheila  ore  shown  in  place  on  the 
four-unit  iig.  An  applicator  coil  may  be 
seen  in  the  open  position 


The  solution  appeared  to  be  to  heat 
the  inside  of  the  shell  nose  to  annealing 
temperature  without  having  the  heat 
penetrate  other  portions  of  the  shell 
sufficiently  to  change  the  metallurgical 
characteristics  of  these  portions.  The 
job  was  done  by  means  of  r.f.  induction 
heating,  Induction  Heating  Corporation 
generator  units  delivering  the  required 
power  to  special  coils  designed  to  fit 
within  the  shell  nose. 

By  setting  up  a  multi-unit  jig,  part 
of  which  is  shown  in  the  accompanying 
photograph,  relatively  unskilled  labor 
found  it  possible  to  anneal  the  noses 
of  approximately  280  shells  per  hour 
per  machine. 


These  are  brand  new  units  in  original  factory  cartons.  They  are  com¬ 
pletely  equipped  including  mounting  bolts  and  coil  spring  supports,  and 
each  unit  has  an  elaborate  instruction  booklet.  But  the  units  are  minus 
needles  and  A.C.  and  pick-up  wires  which  can  be  attached  quite  simply. 
Terms  of  payment  are  by  money  order  or  certified  check  accompanying 
each  order. 


Electronic  Wing  De-Icer 

Dr.  Waldo  Kliever  and  Richard  Fran- 
zel  of  the  Minneapolis-Honeywell 
Regulator  Co.  have  designed  an  elec¬ 
tronic  device  which  indicates  the  thick¬ 
ness  of  ice  formed  on  airplane  wings 
at  high  altitudes,  automatically  oper¬ 
ates  air-pulsated  “rubber-boot”  type 
de-icing  mechanisms  (commonly  incor¬ 
porated  in  the  leading  edges  of  wings) 
when  the  accumulation  reaches  a  pre¬ 
determined  thickness. 

Weighing  less  than  five  pounds  and 
taking  up  less  than  200  square  inches 
of  space,  the  device  is  normally  ad- 


Tfiis  offer  is  being  made  subjeef  fo  prior  sale 


F.O.B.  our  warehouse  in  N.  Y.  City.  Approximate  Retail  Value  $95.00 


COLEN-GRUHN  CO.,  Inc. 

387  FOURTH  AVE.  DEPT.  E  NEW  YORK,  N.  Y, 
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Prewar  Microphones.  In  prewar  microphone  design, 
the  chief  development  was  in  directional  pickup.  This 
was  a  stride  forward  in  the  discrimination  against  un¬ 
wanted  sounds,  feedback  and  background  noise.  The 
most  efficient  directional  pickup  pattern  was  the  "Super- 
Cardioid”.  It  effects  a  73%  reduction  in  pickup  of 
random  noise  energy.  This  was  developed  by  the  Shure 
engineering  staff  and  is  being  utilized  today  to  good 
advantage  in  many  wartime  applications. 

War  Microphones.  Naturally  most  improvements  are 
a  military  secret.  It  is  obvious  that  service  in  battle 
’•equires — RUGGED  construction  never  before  thought 
possible — CONTROL  of  frequency  response  to  solve 

Sh  lire  Brothers  •  225  fTest  Huron  Street 


new  and  unique  acoustic  problems F.Special  applications 
are  being  solved  for  Microphones  in  masks  and  on  the 
throat,  in  tanks,  planes,  ships  and  on  the  battlefield. 

Postwar  Microphones.  New  experience  in  war  engi¬ 
neering  and  war  production  will  provide  tomorrow's 
Microphones  with  incredible  ruggedness — special  fre¬ 
quency  responses  for  specific  applications — controlled 
pickup  that  will  permit  wider  use  of  sound  amplifica¬ 
tion.  ^  hen  the  war  for  world-w  ide  freedom  has  been 
won,  Shure  Brothers  w  ill 
be  ready  to  make  its  con¬ 
tribution  to  better  sound 
in  a  better  world. 

•  Chica go,  U .  S.  A  . 


SHUR 


Designers  and  Manufacturers  of  Microphones  and  Acoustic  Devices 
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Get  ALL  your 
ELECTRICAL 
INSULATING 
MATERIALS 


Backed  by 
53  YEARS 
Experience 


EST.  1889 
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MITCUELL  RAND  INSULATION  CO.,  Inc. 

51 -A*  MURRAY  STREET,  NEW  YORK,  N.  Y. 

COrtlandt  7-9264 


Transmitter-receiver  installation  in  a  Chi- 
caqo  defense  corps  ambulance.  Map  on 
wall  shows  location  of  city  hospitals 


Send  for  your  FREE  personal  copy  of 
our  new.  complete  44  page  pocket 
size  Guide  Book — containing  complete 
data,  specifications  and  prices  on  all 
M-R  products.  This  valuable  book  is  a 
MUST  for  every  engineer,  purchasing 
agent  and  manufacturing  executive. 


Operating  on  a  national  scope,  Mitchell-Rand 
has  much  to  offer  manufacturers  of  radio, 
communication,  electrical,  aircraft  and  other 
equipment  and  products:  —  electrical  insula¬ 
tion  experience  of  every  conceivable  nature  — 
53  years  of  service  to  American  industry  — 
complete  manufacturing  and  warehousing  fa¬ 
cilities  with  ample  stocks  on  hand  at  all  times 
to  render  prompt  delivery  at  present,  having 
definite  understanding  of  war  equipment 
specifications  and  requirements  —  in  excellent 
position  to  help  our  customers  working  on 
Army,  Navy  and  Signal  Corps  orders;  skilled 
engineering  staff  and  seasoned  sales  special¬ 
ists  to  serve  you  —  promptly,  intelligently  and 
courteously.  Mitchell-Rand  is  one  of  the  coun¬ 
try's  oldest  electrical  insulation  manufacturers 
and  distributors  —  with  the  COMPLETE  ELEC¬ 
TRICAL  INSULATION  LINE. 


Send  for  FREE  copy 
of  Guide  Book 


justed  to  function  when  the  ice  accuni  i- 
lation  reaches  a  thickness  of  i-inca. 
Thus  de-icing  equipment  is  turned  .  n 
at  the  exact  instant  when  it  can  fun  ■- 
tion  efficiently.  Less  sensitive  controls 
frequently  turn  on  de-icers  too  soi  n, 
with  the  result  thin  ice  is  cracked  b  t 
still  clings  to  the  wing  surfaces  ai  d 
provides  a  matrix  for  further  accum  i- 
lation,  or  turn  on  de-icers  too  late  wi:h 
the  result  that  these  mechanisms  c{i:i. 
not  readily  handle  the  load. 

The  equipment  comprises  three  sej  a- 
:  rate  units;  a  sensing  element,  an  amj'li- 
fier  and  relay  mechanism  and  a  power 
supply.  The  sensing  element  is  c«.n- 
tained  within  a  small  plastic  disc 
'  which  may  be  set  flush  with  a  wing 
surface  to  avoid  disturbing  the  air-foil, 
or  may  be  built  within  the  de-icing 
boot.  (It  need  not  be  in  actual  contiict 
with  the  ice  accumulation  to  be  meas¬ 
ured.)  A  meter,  pre-calibrated  in 
terms  of  ice  thickness,  is  furnished  for 
installation  on  the  plane’s  instrument 
panel.  Thus  the  pilot  may  turn  on 
I  his  de-icers  manually  at  any  time  after 
noting  the  thickness  of  ice  accumula¬ 
tion.  The  point  at  which  the  device 
I  functions  automatically  is  adjusted  at 
I  the  amplifier,  generally  installed  within 
a  wing. 


Inquiries  invited  on  your  electrical  insulation  requirements. 


I  Chicago  Utility  Sets  Up  ' 
Anti'Sabotage  FM  System 


To  PROTECT  its  extensive  and  widely 
scattered  properties  against  sabotage 
and  to  provide  emergency  communica¬ 
tions  in  the  event  of  an  air  raid,  Chi¬ 
cago’s  Commonwealth  Edison  Company 
has  set  up  an  elaborate  FM  radio  sy.s- 
tem. 

The  city  has  been  divided  into  four 
zones.  Two  battalions  of  the  auxiliary 
i  defense  corps,  each  consisting  of  three 
!  platoons  containing  firemen,  policemen 
and  first-aid  personnel,  are  assigned  to 
each  zone.  Each  zone  has  about  300  of- 
;  fleers  and  men  assigned  to  it. 

!  The  company’s  plant  protection  or- 
I  ganization  includes  a  large  force  of 
1  full-time,  uniformed  special  police  en- 
I  gaged  in  anti-sabotage  patrol  and  watch 
'  service.  This  force  is  provided  with 


A  PARTIAL  LIST  OF 
M^R  PRODUCTS: 

Fiberqias  Varnished  Tape  and  Cloth 

Fiberqias  Braided  Sleeving 

Fiberglas  Saturated  Sleeving  and 
Varnished  Tubing 

Insulating  Papers  and  Twines 

Cotton  Tapes,  Webbings  and 
Sleevings 

Asbestas  Sleeving  and  Tape 

Cable  Filling  and  Pothead  Compounds 

Impregnated  Varnished  Tubing 

Extruded  Plastic  Tubing 

Varnished  Cambric  Cloth  and  Tape 

Friction  Tape  and  Splice 

Transformer  Compounds 

Insulating  Varnishes  of  all  types 

Mica  Plate,  Tape,  Paper,  Cloth  and 
Tubing 


INSULATION 


COM  PANT 


▲ _ 


Lifeline 

^Slear  and  intelligible  directions,  spoken  over  radiotelephone  equipment,  may 
mean  success  or  failure  to  a  military  operation  ...  a  soldier's  life  or  death.  Our 
fighting  men,  though  separated  by  vast  distances,  are  closely  linked  . . .  their  actions 
coordinated  by  the  lifeline  of  radio  communications. 

With  production  racing  against  time,  Jefferson-Travis  is  developing  new  engi¬ 
neering  designs  and  advanced  manufacturing  techniques  to  speed  more  improved 
radiotelephones  into  front  line  service  with  the  United  Nations.  After  victory,  our 
equipment  will  serve  the  safety  and  convenience  of  free  men  throughout  the  world. 

JEFFERSON-TRAVIS  RADIO  MFC.  CORP. 

Aianujfactuttti  Aiattna  MoltlU  )^adio  (Communication  ^^uipmcnt 

NEW  YORK.  N.  Y.  m  WASHINGTON.  D.  C. 
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HEINEMANN  CIRCUIT  BREAKER  CO. 

97  PLUM  ST.  -  -  -  -  TRENTON,  N.  J. 


InitallatioD  in  typlcol  car  driTsn  by  spe¬ 
cial  Commonwaalth  Edison  onti-sctbotaqs 
patrolmon 


114 


As  shown  in  the  accompanying:  sche¬ 
matic,  a-c  output  from  a  vibrator  driven 
by  the  ’plane  storage  battery  is  stepped 
I  up  in  an  autotransformer  to  an  a-c  vol¬ 
tage  value  sufficient  to  operate  the 
fluorescent  lamps.  A  typical  unit  turns 
out  sufficient  voltage  to  operate  two 
4-watt  type  T-6  lamps.  In  addition,  a 
j  separate  secondary  winding  delivers 
j  1.52  amp  at  3  v  a.c.  with  which  up  to 
j  eight  type  T-li  lamps  may  be  operated 
I  as  indicator  lights. 

Two  models  are  available,  one  for  12 
1  and  one  for  24  v  d.c.  input.  Both  run 
't  at  35  watts  maximum  input,  with  ap- 
i  proximately  21  watts  conversion  loss, 
j  Net  weight  is  2i  lbs. 
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two-way  FM  radio  patrol  cars,  which 
makes  it  possible  for  guards  to  reach 
almost  any  section  of  the  city  in  a  mat¬ 
ter  of  minutes.  Some  cars  are  also  pro¬ 
vided  with  receivers  tuned  to  the  police 
frequency.  By  direct  wire  to  police 
headquarters  company  protection  au¬ 
thorities  can  dispatch  these  cars  as 
well  as  regular  police  cars  to  points 
where  they  are  needed. 

Calls  sent  out  over  the  company’s 
transmitter  are  monitored  by  the  state 
police,  permitting  incidents  outside  the 
city  to  be  handled  by  sheriffs. 


Vibrator  Operates  Aircraft 
Fliioresceiits  From  Batterv 


Send  for  Catalog  40  showing  full  line 


No.  2.  If  opens  breaker  independent  of  handle  operation. 


The  relative  position  of  the  catch  to  the  carriage  remains  the  same  as  in 
Fig.  1  whether  the  handle  is  in  the  "on”  position  or  turned  to  the  "off” 
position,  when  the  contact  is  broken  manually.  The  latch  collapses  only 
under  overload  or  short  circuit  conditions — anJ  it  does  that  even  if  the 
handle  is  purposely  held  in  the  "on”  position.  Fig.  2  shows  the  latch  on 
its  way  to  the  collapsed  position. 


This 

MECHANICAL  HEART 

(or  Latch  Mechanism)  does  double  duty 


No.  7.  It  opens  breaker  with  least  mechanical  delay. 

When  the  armature  engages  the  low'er  leg  of  the  lock  (a)  it  rotates 
the  lock  enabling  the  tooth  of  the  catch  (b)  to  pass  through  the  cut  por¬ 
tion  of  the  lock  (c),  thereby  breaking  the  toggle  and  releasing  the 
contacts  which  are  under  heavy  spring  pressure.  Of  all  knou-n  latches, 
this  mechanism  operates  with  the  least  amount  of  friction. 


A  NOVEL  USE  for  a  vibration  type  d.c. 
to  a.c.  inverter  is  seen  in  G-E’s  applica¬ 
tion  of  such  equipment  to  the  operation 
of  aircraft  flourescent  instrument 
lighting. 


Fluor  lamp 
_ n_.  No  ! 


3^o-c 
/  5  amps 


Circuit  showing  method  of  using  vibrator 
type  d.c.  to  a.c.  inverter  for  operating 
aircraft  fluorescent  instrument  lamps 
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The  /  Real  Forward  Step 

in  Radio  Design-Since  development 
of  the  superheterodyne  circuit 


4^e(l  HARVIY 
ScoufHnr  R*c«iy«r 

Qvkkiy  (usambM  from  ttar.dardlxmd 
c*ib  b  this  seout-cw  typ«  f*e«iy«r:  it 
hoi  two  ft.  Pu  on«  I.  F.,  and  on*  Audio 
unlf*.  If  greotor  somittvity  or  soloctivity 
unWt*  dasired,  oddltionoi  colls  could  bo 
osiomblod  to  tho  bosk  roeoivor. 


COMMUNICATION 

RECEIVER 


_  From  tho  _ 

3  Satie  Units 

th#  Khcoli  HARVEY  aircraft  roeoivon  ol  IWt- 
isad  eonstruetion  provido  outomotie  dkoction 
finding,  and  loop  or  ontonna  rocoption  on 
fos*r  fluency  tmeb;  biriH  to  Signal  Corps 
tpodficotions.  ftowor  supply  could  oiso  bo  os- 
somblod  from  staodardiziKl  Harvey  ceils,  if 
desired. 


REVOLUTIONARY  in  eliminating  critical  materials,  reduc¬ 
ing  tube  types  to  only  ONE,  effecting  savings  In  assembly  and 
servicing  time  —  the  HARVEY  Unitized  construction  makes 
possible  custom-built  performance  by  production  methods. 
Among  the  vitally  important  features  are:  reduction  of  hook¬ 
up  wire  to  as  little  as  five  feet,  in  comparison  to  over  one  hun¬ 
dred  feet  commonly  used  in  many  communication  receivers; 
reduaion  in  tube  types  from  the  usual  minimum  of  six  to  only 
ONE;  quick  assembly  and  servicing  since  there  are  only  three 
basic  cell-units;  elimination  of  large  spare  parts  stocks  and 
need  for  "experts"  to  make  field  repairs  since  complete  cells 
can  be  as  quickly  replaced  as  a  tube  in  ordinary  receivers,  in 
event  of  damage  to  Individual  cells. 

For  the  first  time,  receiver  manufacturing  is  truly  put  on  a 
production  line  basis,  as  a  result  of  this  Harvey  development. 


MACHINE  COMPANY 

6200  Avalon  Blvd. 

Los  Angeles,  Gilif. 


OTHER  HARVEY  DIVISIONS 
AIDING  THE  UNITED  NATIONS 

AIRCRAFT  DIVISION 
ORDNANCE  DIVISION 
SPECIAL  MACHINERY  DIVISION 
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Phototube  Coal  Car  Control 

At  a  preparation  plant  of  the  Hanna 
Coal  Company  in  Ohio  loaded  cars  are 
automatically  emptied  by  a  rotary 
dump  device.  They  are  locked  to  the 
tracks  immediately  over  a  chute  and 
then  the  section  of  track  to  which  they 
are  clamped  rolls  over,  turning  the  cars 


The  best  of  equipment  is  no  better  than  the  worst  if  the  connec¬ 
tions  are  not  dependable.  A  "cheap”  conneaor  may  prove  to  be 
the  most  expensive  in  the  long  run. 

The  makers  of  fine  aircraft  instruments  use  Cannon  Connec¬ 
tors  extensively  because  they  know  they  can  rely  upon  them  to 
give  dependable  service  under  the  most  severe  conditions. 

Building  quality  electrical  connectors  takes  "know-how”. . . 
and  Cannon  Connectors  are  the  result  of  years  of  experience  in 
their  development  and  manufacture.  That’s  why  you  can  be  sure 
the  connector  is  as  good  as  the  equipment  it  connects  when  you 
standardize  on  standard  Cannon  Connectors  for  instruments. 


Exit  end  of  rotary  dump  for  coal  con, 
controlled  by  a  phototube 

upside  down.  When  the  cars  have  been 
emptied  and  righted  again  they  roll 
ahead  off  the  track  by  gravity. 

It  is  important  that  empty  cars  be 
completely  clear  of  the  rotated  section 
of  track  before  it  rotates  again  to 
unload  the  succeeding  full  car.  Other¬ 
wise  the  empties  will  be  upset  on  the 
floor  at  the  exit,  a  difficulty  experienced 
before  the  installation  of  electronic  con¬ 
trol  whenever  cars  were  for  any  reason 
sluggish  in  response  to  the  pull  of  grav¬ 
ity.  Now  the  dump  cannot  revolve  as 
long  as  a  beam  between  a  lightsource 
and  a  phototube  mounted  on  opposite 
sides  of  the  exit  track  is  interrupted 
by  an  empty  car. 


Electronics  Aids  Camouflage 

Using  a  G-E  photoelectric  spectro¬ 
photometer  which  distinguishes  2,000,- 
000  shades  of  color,  an  Army  Air 
Force  laboratory  is  studying  the  prac¬ 
ticability  of  substituting  this  electronic 
instrument  for  the  painted  chips  ordin¬ 
arily  used  as  standards  for  camouflage 
work.  The  chips,  it  seems,  fade  when 
exposed  to  varying  temperatures  and 
humidities  and,  particularly,  when  fre¬ 
quently  handled. 

In  addition  to  the  possibilities  of 
the  photoelectric  spectrophotometer  in 
color-matching  work,  it  appears  to  be 
distinctly  useful  in  measuring  the 
amount  of  light  reflected  and  transmit¬ 
ted  by  plastic  materials.  Plastics  used 
in  the  manufacture  of  aircraft  win¬ 
dows  or  gun-turrets  may,  for  example, 
be  considerably  le.ss  efficient  after  ex¬ 
posure  to  accelerated  weathering  tests 
and  it  is  important  to  know  just  what 
their  characteristics  are. 


For  use  wherever  there  is  a  need  for  bonding  be¬ 
tween  the  plug  shell  and  wire  shielding.  Can  be 
used  with  either  cable  clamp  or  flexible  conduit 
coupling  nut.  Write  for  Bonding  Ring  Bulletin. 


If  you  would  like  a  copy  of  our  76-page  illustrated  manual, 
''Cannon  Plugs  for  Aircraft  Electrical  Circuits, "  drop  us  a  line 
on  your  business  letterhead  and  we’ll  be  glad  to  send  you  one. 


KEPKESENTATIVES  IN  PRINCIPAL  CITIES  — CONSULT  YOUR  LOCAL  TELEPHONE  BOOK 


Cannon  Electric  Development  Company,  Los  Angeles,  California 

Canadian  Factory  and  Engineering  Office:  Cannon  Electric  Co.,  Ltd.,  Toronto,  Canada 
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IT’S  IN  THE  NAVY  NOW 


We  can  tell  you  about  this  motor  driven,  time  delay  relay  be¬ 
cause  it  has  been  used  for  years  in  peace  time  activities  as  a 
time  control  in  drying  systems,  heat  treating  ovens,  illumination 
and  many  other  applications. 

NOW  IT'S  IN  THE  NAVY.  The  positive  action,  ruggedness  and 
resistance  to  shock  and  vibration  of  this  relay,  make  it  ideal  for 
alarm  control,  communication  circuits  and  for  the  protection  and 
timing  of  many  kinds  of  equipment  aboard  ship.  Manufacturers 
who  are  doing  essential  war  production  can  often  find  items  in 
the  regular  line  of  Ward  Leonard  Controls  that  will  serve  their 
needs  without  the  delay  of  extensive  redesigning. 

WUD  liONUD 

RELAYS  •  RESISTORS  •  RHEOSTATS 

Eteefric  eonfrol  devices  since  1892, 

WARD  LEONARD  ELECTRIC  CO..  32  SOUTH  ST..  MT.  VERNON  NEW  YORK 
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Simple  Pulse-Generating 
Circuits 

By  Lyman  E.  Greenlee 

Simple  pulse-generating  circuits  arc 
frequently  useful  to  the  designer  oi 
electronic  equipment  and  there  ar 
many  such  circuits  available.  Follow 
ing  are  typical  examples  which  len 
themselves  readily  to  many  purposes. 


You  can  still  get  all  replacement 
parts  for  your  Presto  Recorders 
and  Transcription  Tables 


Fig.  1 — Simple  pulse-generating  circuit 


When  the  circuit  shown  in  Fig.  1  is 
placed  in  operation  the  battery  voltage 
charges  capacitor  Cj  through  resistor 
/?,.  As  the  capacitor  charges  the  vol¬ 
tage  drop  produced  by  current  flow 
through  i?,  decreases  and  the  grid  of 
the  cold-cathode,  gaseous  triode,  tube 
becomes  more  and  more  positive  with 
respect  to  its  cathode,  eventually  firing 
the  tube.  When  the  tube  fires,  anode 
current  flows  through  the  primary  of 
the  output  transformer  until  the  anode 
circuit  is  opene<l  by  the  interrupter 
(operated  by  magnetic  flux  generated 
in  the  primary  of  the  transformer). 
Voltage  pulses  thus  appear  across  the 
secondary  of  the  transformer  and  may, 
for  example,  be  used  to  energize  an 
“electric  fence.”  The  rate  at  which  the 
pulses  are  produced  may  be  varied  by 
adjusting  the  value  of  /?,  and  thus 
changing  the  time  required  to  charge 
Cl  and  to  discharge  it  thi-ough  the 
grid-cathode  path  when  the  tube  fires. 
Capacitor  C,  insures  proper  saturation 
of  the  output  transformer. 


There  is  no  need  to  cut  down  on  necessary  recording  at  your 
station  nor  to  let  your  recording  equipment  deteriorate  for 
lack  of  proper  maintenance.  All  vital  replacement  parts  such 
as  idler  wheels,  turntable  tires,  bearings  and  miscellaneous 
small  parts  are  on  hand  for  immediate  delivery.  Cutting  heads 
and  pickups  are  being  reconditioned  promptly.  An  A-3  pref¬ 
erence  rating  is  sufficient  to  obtain  any  parts  or  factory 
service.  There  is  no  shortage  of  discs.  Your  local  radio 
distributor  can  deliver  discs  and  needles  immediately  from 
his  stock  without  requiring  a  preference  rating  on  your 
order.  But  remember,  these  conditions  may  not  last  indef¬ 
initely.  Wartime  demands  may  at  any  time  prevent  our 
offering  this  service  to  Presto  owners.  We  suggest  that  you 
recondition  your  turntable  equipment  without  delay  and 
carry  a  full  stock  of  discs  and  needles  at  your  station.  Order 
through  Graybar  Electric  Company  or  your  local  radio  parts 
distributor. 
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Fig.  2 — Arrangement  ior  higher  output 


The  circuit  of  Fig.  2  is  much  like 
that  of  Fig.  1  except  for  the  fact  that 
the  tube  carries  the  initial  surge  cur¬ 
rent  just  long  enough  to  operate  the 
relay.  Once  the  relay  operates,  the 
lirimary  of  the  transformer  is  con¬ 
nected  directly  to  the  battery  through 


n  M  V  V  n  Ci*'**'  ■’''one  •  <  •  ATLANTA,  Jack.  4372  •  BOSTON,  Bal.  4510 

H  K  F  3  I  II  CHICAGO,  Hot.  4240 -aEVELANO.IA*.  1565  •  DALLAS,  37093  •  DENVER, 

■  W  ■  W  Ch.  4277  •  DETROIT,  Univ.  1-0180  •  HOLLYWOOD,  HH.  9133  •  KANSAS 

nrAAnniun  CITY,  Vic.  4431  •  MINNEAPOLIS,  Atlantic  4216  •  MONTREAL,  Mar.  6361 

KcIfURDING  CuRP.  Toronto,  Hud.  0333  •  Philadelphia,  Panny.  0542  •  Rochester, 
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World's  Largost  Manufatturort  of  lostontanoous  Sound  Kotording  Equipmont  and  Discs 
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"War  is  Hell”— tough  on  men  and 
—  equipment.  Today,  with  radio  fight- 
ing  on  five  fronts,  transformers  are 
exposed  to  every  conceivable  cli¬ 
matic  condition. 

Thermador  Transformers  are  Thermatite  treated  to 
withstand  extreme  temperatures  and  humidity— arid 
or  moist  heat— dry  or  damp  cold  do  not  hamper  their 
efficiency.  Thermatite  is  the  name  of  a  process  of  ac¬ 
curate  heat  controlled  vacuum  impregnation  devel¬ 
oped  and  improved  by  ten  years  of  daily  use  by  the 
same  personnel  and  supervision. 

Experienced  engineers  are  at  your  service  at  Ther¬ 
mador.  May  we  be  of  assistance  in  engineering  and 
producing  transformers  to  meet  your  requirements? 


THE  THERMADOR  TRANSFORMER  LINE 

Included  in  the  Thermador  Transformer  line  are 
audio,  auto,  geophysical,  bias  supply,  bridging, 
cathode  modulation,  coupling,  driver,  field  sup¬ 
ply,  filament,  high  fidelity  audio,  input,  midget 
plug-in  oudio,  mixing  and  matching,  modula¬ 
tion,  output,  plate,  power  (combined  plate  and 
filoment),  television,  and  tube-to-line  transform¬ 
ers.  Also  monufactured  ore  filters,  chokes,  and 
reactors  (audio  and  equalizing). 


REPRESENTATIVES— Les  Logan,  S30  Gough  St.,  San 
Francisco,  Calif,  e  Vemer  O.  Jensen.  2607  Second 
Avenue,  Seattle,  Washington  e  M.  J.  Kliepera,  P.  O. 
Box  3113,  Houston,  Texas,  e  FOREIGN  DIVISION: 
Frazar  &  Co.,  301  Clay  Street,  San  Francisco,  .Calif. 
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^OU  get  a  preview  of  your  special  steatite 
W  insulators  when  we  make  them  —  and  a 
triple  check  on  the  accurate  compliance  with 
your  blueprints  and  specifications. 

We  make  and  check  the  tools  for  fabricating 
your  order.  Check  number  one. 

Samples  produced  for  you  with  these  tools  get 
a  complete  inspection  of  every  detail.  Check 
number  two. 

Inspectors  make  a  "Sample  Report"  which  you 


receive  with  the  samples.  The  report  states  draw¬ 
ing  dimensions,  actual  dimensions  and  varia¬ 
tions  beyond  tolerance,  if  any.  Your  check 
number  three  —  after  a  preview  of  the  product. 

After  your  O.K..  you  can  be  sure  that  the  rest 
of  the  order  will  conform  to  your  specifications. 

To  the  best  of  our  knowledge,  this  service  is 
unique  in  our  held.  It  is  one  of  the  faaors  of 
our  controlled  manufaauring  technique  which 
assures  quality  and  uniformity  of  produa. 
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UTAH  RADIO  PRODUCTS  COMPANY 

'  General  Offices  and  Factory 

83  7  ORLEANS  STREET  •  C  H  I  CAGO,  I  L  L  I  NOI  S 


the  upper  relay  contact.  Output  mav 
thus  be  considerably  higher  than  when 
current  flowing  through  the  tran- 
former  primary  must  be  limited  to  25 
ma  or  less  in  order  to  preserve  tube 
life. 


to  fit  your 
circuit  and  space  requirements 
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Fig.  3 — Pulse  generator  operated  from  a-c 
line 
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Fig.  4 — Modilication  using  battery  to  ovoid 
timing  changes  with  line  voltage  variations 


Figures  3  and  4  show  similar  pulse¬ 
generating  circuits  which  may  be  oper¬ 
ated  from  an  a-c  line.  The  rectifier 
included  in  Fig.  3  may  be  of  the 
selenium  or  copper-oxide  variety,  or 
may  be  a  tube  such  as  a  117Z6.  The 
use  of  a  battery  to  charge  the  timing 
capacitor  C,  in  Fig.  4  provides  timing 
accuracy  independent  of  line-voltage 
variations.  The  fact  that  a-c  is  ap¬ 
plied  to  the  OA4Z  anode  in  both  cir¬ 
cuits  makes  it  unnecessary  to  employ 
an  interrupter  as  the  tube  extinguishes 
automatically  (like  a  thyratron)  when 
the  phase  is  such  that  its  anode  is 
negative  with  respect  to  the  cathode. 
(Where  60-cps  anode  supply  voltage 
is  used,  as  in  Fig.  3  and  Fig.  4,  grid 
circuit  timing  control  is,  of  course, 
limited  to  frequencies  less  than  60-cps. 
Anode  current  will,  under  any  circum¬ 
stances,  cease  to  flow  60  times  per 
second.)  These  two  circuits  usually 
incorporate  a  relay  in  the  manner  dis¬ 
cussed  in  connection  with  Fig.  2  in 
order  to  avoid  overloading  the  tube. 
Where  a-c  anode  supply  is  used  ex¬ 
tinguishing  of  the  tube  is  automatically 
insured  as  discussed  above  so  a  relay 
with  just  one  set  of  normally  open 
contacts  may  be  used.  The  relay  coil 
may  be  substituted  for  the  transformer 
primary  and  the  relay  armature  elec¬ 
trically  connected  to  the  a-c  line  leg 
of  the  relay  coil.  The  fixed  contact  of 
the  relay  would  then  be  connected  to 
one  leg  of  the  transformer  primary, 
while  the  other  leg  of  the  transformer 
primary  would  be  connected  to  the 
cathode  of  the  tube. 

Timing  is  accomplished  in  Fig.  5  by 


Those  mischief-making,  invisible 
little  creatures,  known  among  the 
RAF  as  Gremlins,  can’t  stir  up  trouble 
w'here  Utah  Switches  are  concerned. 
Like  other  Utah-Carter  parts,  Utah 
Switches  are  built  to  give  dependable 
performance — and  have  proved 
themselves  in  hundreds  of  electrical 
operations. 

Compact  size,  highest  quality  and 
economical  price  are  combined  in 
Utah  "Imp”  push-button  switches. 
They  have  the  finest  nickel  silver  or 


phosphorous  bronze  springs  w’ith 
integral  contacts.  Springs  are  fully 
insulated  in  the  mounting,  bushing 
and  shaft — have  high  grade  phenolic 
insulation.  They  are  available  in  three 
circuit  arrangements:"Single-Make”— 
“Single-Break” — one  “Break- Make.” 

Also  available  are  Utah-Carter  Ro¬ 
tary  and  Push-Button  Jack  switches, 
in  long  and  short  types.  Small  and 
compact  in  size,  they  are  made  to  take 
minimum  panel  size.  Full  insulation 
is  provided  for  all  electrical  parts. 


UTAH  yiTREOUS  ENAMEL  RESISTORS  —  From  5  to  200  watts,  they  are 
available  either  as  fixed — tapped  or  adjustable.  Also  non-inductive  types. 


UTAH  JACKS — Long  and  short  frame  and  ''lmp’’type  jacks  to  meet  your  require¬ 
ments.  Special  Utah  jacks  to  meet  Navy  and  Signal  Corps  specifications. 

UTAH  PHONE  PLUGS — Two  or  three  conductor  types — for  practically  every 
type  of  application. 

UTAH  TRANSFORMERS  are  fully  guaranteed.  Able  to  meet  the  requirements 
in  choke,  input,  output  and  smaller  capacity  power  transformers. 


WRITE  FOR  FULL  DETAILS 
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DEVOTED  EXCLUSIVELY  TO  ELECTRONIC 


Photo  Coftrtesy  U,  S.  Army  Signal  Corps 


Motorola  Radio  Communication  Systems 
Designed  and  Engineered  to  Pit  Special  Reeds 

1  GALVIN  MFG.  CORPORATION  •  CHICAGO 
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When  war  came,  Motorola  research  and  en¬ 
gineering  was  already  at  work  around  the  clock  on 
special  assignments  for  our  Armed  Forces.  Now  in 
its  new  home,  the  Motorola  staff  of  engineers  and 
technicians  is  by  specific  government  assignments 
at  work  on  problems  which  embrace  many  important 
phases  of  electronic  knowledge.  This  new  Motorola 
engineering  building  increases  many  times  our  capac¬ 
ity  for  service  of  the  highest  order. 


THE  ARMY-NAVY  "E” 

Awarded  for  excellence  in  the  pro¬ 
duction  of  Communications  Equip¬ 
ment  for  America’s  Armed  Forces 


y'^NCE  he  was  known  as 
I*  rejector  Riley  and  that 

meant  trouble— trouble  for  him— shut 
down  on  the  assembly  line — and  slow 
down  of  the  company’s  war  effort. 

But  that  was  before  Richardson  Plas- 
ticians  and  the  contractor’s  engineers 
started  working  together— before  the 
part  was  made  of  Molded  INSUROK.. 

In  hundreds  of  ways,  Richardson  Plas- 
ticians  have  helped  scores  of  manufac¬ 
turers  win  acceptance  and  enthusiastic 
approval  for  their  war  products  and 
parts.  And  INSUROK  Precision  Plastics 
have  been  the  means  of  successfully  meet¬ 
ing  many  a  tough  specification — of  speed- 


Fiq.  S — "Relaxation"  type  timer  using  high 
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a  How  they  simplified 
the 


be  delayed. 


The  Richardson  Company,  Melrose  Park, 


Ifyouhaveaproblem  which  molded  or  Illinois;  Lockland,  Ohio;  New  Brunswick, 
laminated  plastics  might  solve — oraplas-  New  Jersey;  Indianapolis,  Indiana;  Sales 
tics  fabrication  problem  on  which  years  Offices:  75  W'est  Street,  New  York  City; 
ofexperience  might  bebeneficial,write  us.  G.  Al.  Building,  Detroit,  Michigan. 


means  of  a  grid  circuit  “relaxation” 
oscillator.  Capacitor  C,  is  charged  by 
d-c  flowing  through  resistor  i?,  and 
anode  current  flow  in  the  triode-con- 
nected  amplifier  section  of  the  117L7GT 
tube  increases  to  operate  the  relay  a.s 
the  capacitor  approaches  full  charge 
and  the  voltage  drop  across  ft,  de¬ 
clines.  Inasmuch  as  the  tube  is  of  the 
high-vacuum  type,  anode  current  may 
then  be  reduced  to  a  value  insufficient 
to  hold  the  relay  closed  by  swinging 
the  grid  more  negative  and  this  is  ac¬ 
complished  by  the  neon  lamp.  As  the 
charge  across  C,  builds  up  it  eventually 
reaches  a  voltage  value  sufficient  to 
ionize  the  neon  lamp.  When  this  oc¬ 
curs  Cl  discharges  through  the  lamp. 
The  lamp  then  extinguishes  and  the 
capacity  starts  to  charge  again  repeat¬ 
ing  the  timing  cycle. 

The  diode  section  of  the  117L7GT  is 
used  as  a  half-wave  rectifier  to  provide 
d-c  charging  voltage  for  the  timing 
circuit  and  also  to  supply  d-c  anode 
voltage  for  the  section  of  the  tube  used 
as  a  triode  amplifier.  The  frequency  of 
pulsations  in  the  circuit  of  Fig.  5  may 
be  varied  by  adjusting  ft,.  Resistor  ft, 
affords  control  over  the  amount  of  cur¬ 
rent  flowing  in  the  relay  coil.  The 
length  of  the  “on”  cycle  may  be  varied 
by  using  capacitors  of  other  values  at 
Cl,  by  varying  the  resistance  of  the 
relay  coil  or  by  introducing  a  variable 
resistor  in  series  with  the  relay  coil. 
Capacitor  C,  is  a  filter  capacitor  across 
the  d-c  output  of  the  rectifier.  While 
it  is  not  critical  in  value  it  should  be 
large  as  compared  with  C,.  Resistor 
ftp  is  inserted  to  protect  the  tube. 

Figure  6  shows  the  schematic  of  a 
similar  relaxation  oscillator  driving  a 
battery-operated  tube.  Circuit  con¬ 
stants  are  similar  to  thos^e  used  in  the 
circuits  already  discussed. 


INSUROK  and  thn  nxpnrinncn  ofRkhardton 
Plasticians  an  hniping  war  products  pro- 
ducnrs  by:  ' 

./ 1.  Increasing  output  per  machine- 


2.  Shorteninx  time  from  blueprint  to 
production. 

3.  Facilitating  sub-contracting. 

4.  Saving  other  critical  materials  for 
other  important  jobs. 

5.  Providing  greater  latitude  for  de¬ 
signers. 

6.  Doing  things  that  "can’t  be  done.” 

7.  Aiding  in  improved  machine  and 
product  performance. 


iniCRH*  fits  into  the  Picture 

OF  THINGS  TO  COME 

*Micah  represents  the  high  -  grade 
mica  products  processed  by  Macallen. 

Where  insulation  must  give  permanent  satisfac* 
tion,  mica  will  be  remembered  on  the  drawing 
boards  and  in  the  research  laboratories  of  men 
who  can  see  today  the  horizon  of  a  bright  new 
world — through  the  scientific  magic  of  Elec¬ 
tronics.  Macallen  will  be  remembered  as  a  de¬ 
pendable  source  of  specialized  skill  and  expe¬ 
rience  in  processing  mica  to  the  greatest 
possible  usefulness.  Where  mica  must  meet 
exacting  specifications,  specify  Macallen  Mica. 
Macallen  in  front  of  the  word  mica  insures  de¬ 
pendable  insulation. 

Macallen  has  50  years  of  insulation  experience 
you  can  put  to  work  now  for  post-war  produc¬ 
tion.  Our  engineering  department  is  at  your 
service. 

50th  anniversary  book — Macallen  &  Mica — yours  for 
the  asking. 


PRODUCTS 

Compressed  Sheets  —  Mica  Paper, 
Cloth,  Tape,  Heater  Plate,  Com¬ 
pressed  Sheet  Tubing — Commutator 
Insulation  —  Compressed  Sheet 
Washers  —  Insulating  Joints  and 
Canopy  Insulators  —  Railway  Spe¬ 
cialties  —  Domestic  and  Imported 
Raw  Mica. 


THE  MACALLEN  COMPANY 


16  MACALLEN  ST.,  BOSTON 

CHICAGO:  5«5  W.  Watkiagton  ll<d.  CLEVELAND:  1005  Lkodar  lido. 


timer  using  high  vacuum  tube 

I  With  proper  choice  of  circuit  con¬ 
stants  it  is  possible  to  secure  an  ex¬ 
tremely  wide  range  of  timing  pulses 
with  these  circuits.  Pulsations  may 
vary  from  several  hundred  per  minute 
to  one  or  two  per  hour.  It  is,  of  course, 
essential  that  capacitor  C,,  particu¬ 
larly,  and  other  associated  parts  have 
a  minimum  of  electrical  leakage  if  the 
timing  is  to  be  accurate.  Where  appli¬ 
cations  require  a  high  degree  of  timing 
accuracy  it  is  also  desirable  to  employ 
regulated  power  supplies  when  operat¬ 
ing  from  power  lines.  Inasmuch  as  all 
of  the  circuits  diagrammed  involve 
grid  circuit  timing  control  only  grid 
circuit  voltage  need  be  so  regulated. 
Current  in  the  grid  circuits  is  relatively 
small  and  this  permits  the  use  of  small 
voltage  regulating  tubes  such  as  the 
VR-90-30  and  the  VR-150-30  or  small 
voltage-regulating  transformers.  For 
still  greater  timing  accuracy  it  may  in 
some  instances  be  desirable  to  include 
some  sort  of  temperature  and  humidity 
control  enclosing  the  entire  apparatus. 

Interlock  Circuit  Correction 

.\N« ERROR  in  circuit  3E  on  page  59  of 
the  December  1942  issue  article  “Cir¬ 
cuit  Elements  in  Electrical  Remote 
Control”  has  been  called  to  our  atten¬ 
tion.  In  order  to  obtain  the  desired  in¬ 
terlock  operation  it  is  necessary  to 
transpose  two  leads.  Remove  the  indi¬ 
cated  wire  between  the  top  of  relay  coil 
A  and  the  spring  which  forms  a  junc¬ 
tion  point  between  contacts  1  and  3. 
Disconnect  the  battery  series  resistor 
from  the  two  top  relay  springs.  Con¬ 
nect  the  top  of  relay  coil  A  to  the  two 
top  springs.  Connect  the  battery  series 

I  resistor  to  the  spring  forming  a  jiinc- 

j  tion  point  between  contacts  1  and  3. 
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ir  Smothered  in  dust . . .  seared  by  gun  blast  heat . . .  shrouded  in  fog  . . .  gripped 
by  stratosphere  cold  . . .  shaken  by  blasts  of  bomb  and  shell . . .  these  are  daily 
incidents  in  the  life  of  a  relay.  Under  these  conditions  Relays  by  Guardian  have 
already  ^'proved  their  metal.” 


THE  SERIES  195  RELAY  weighs  less  than  an  ounce!  But  don’t  let  its  tiny  size  fool  you. 
It  shrugs  off  the  most  severe  vibrations  likely  to  be  encountered  in  aircraft.  And 
it’s  especially  adaptable  to  jobs  where  space  as  well  as  weight  is  at  a  premium. 
It’s  about  wrist  watch  size  in  length  and  width — and  not  a  great  deal  thicker. 


Series  195  Relay.  One  of 
the  smallest  relays  made. 
Write  for  new  Bulletin. 


SERIES  345  RELAY.  A  radio  relay  for  use  in  aircraft.  Maximum  contact  combination 
of  three  pole,  double  throw,  combined  with  large  coil  winding  area  makes  this 
a  highly  efficient  relay  in  compact  space. 


While  thinking,  building  and  engineering  the  tools  of  war  today,  Guardian  is 
also  looking  ahead  to  peacetime  applications  of  Relays,  Solenoids,  Electrical 
Controls  of  all  kinds.  If  you  are  planning  for  the  future  too,  write  us — our  war¬ 
time  experience  can  help  yau  build  better  peacetime  products. 


Series  345  Relay.  For  radio 
aircraft  use.  Write  for  new 
Bulletin. 
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War  Radio  Conference 

Approximately  300  radio  engineers  at¬ 
tended  the  War  Radio  Conference  on 
November  19  at  the  Sagamore  Hotel  in 
Rochester,  N.  Y.  At  this  meeting  the 
wartime  needs  and  obligations  of  the 
Institute  of  Radio  Engineers  were  dis¬ 
cussed  by  Arthur  F.  Van  Dyck,  presi¬ 
dent  of  the  I.R.E.,  while  the  activities 
of  the  Radio  Manufacturers  Associa¬ 
tion  in  meeting  the  demands  of  war¬ 
time  were  discussed  by  W.  R.  G.  Baker, 
director  of  R.M.A,  Engineering  De¬ 
partment. 

In  the  opening  address,  delivered  by 
Dr.  Baker,  it  was  pointed  out  that 
standardization  is  the  problem  of  prin¬ 
cipal  interest  to  R.M.A.  Engineering 
Department.  Considerable  effort  in 
standardization  is  being  made  by 
R.M..A..  of  which  the  Data  Bureau  ac¬ 
tivities  continue  to  be  an  outstanding 
example.  Dr.  Baker  also  announced 
that  in  June  of  this  year,  the  Radio 
Manufacturers  Association  opened  its 
membership  to  manufactui’ers  of  radio 
transmitters.  Other  activities  engaged 
in  the  active  interest  of  R.M.A.  are 
developments  of  substitute  materials 
for  those  not  available  in  sufficient 
quantity,  a  consideration  of  post-war 
developments,  and  the  close  coopera¬ 
tion  of  the  National  Television  System 
Committee  and  the  R.M.A.  with  United 
States  Government  for  the  purpose  of 
devising  a  basic  system  of  operation 
for  television  after  the  war. 

Lieutenant  Commander  A.  B.  Cham¬ 
berlain,  Radio  Branch,  Bureau  of 
Ships,  Navy  Department,  talked  at 
some  length  on  the  service  require¬ 
ments  of  radio  equipment.  Taking  into 
account  the  extreme  and  variable  con¬ 
ditions  of  temperature,  humidity,  dust, 
and  other  conditions  under  which  navy 
equipment  must  be  operated,  the  neces¬ 
sity  of  complete  specifications  becomes 
apparent.  Military  equipment  must  be 
in  perfect  operation  under  all  condi¬ 
tions  of  roll  and  pitch  of  the  vessel, 
gun  fire,  shock,  and  vibration,  humid¬ 
ity,  extreme  conditions  of  sand  and 
dust,  and  must  perform  satisfactorily 
at  temperatures  from  — 40  to  -1-85 
deg.  C. 

Some  of  the  problems  encountered  in 
the  manufacture  of  mica  capacitors 


were  discussed  by  Captain  Billings 
McArthur,  Army-Navy  Communica¬ 
tions  Expediting  Agency.  As  a  means 
of  illustrating  what  conservation  meth¬ 
ods  could  be  achieved  through  intelli¬ 
gent  planning  and  manufacturing. 
Captain  McArthur  showed  samples  of 
various  types  of  mica  capacitors  which 
had  been  manufactured  or  were  being 
manufactured  under  different  manu¬ 
facturing  conditions  in  the  United 
States.  In  many  cases  Captain  McAr¬ 
thur  was  able  to  point  out  certain  econ¬ 
omies  of  time  or  cost  which  had  been 
achieved  through  the  employment  of 
certain  manufacturing  techniques  or 
the  availability  of  suitable  stanadrds. 

The  talk  by  Mr.  F.  S.  Barton,  of  the 
British  Air  Commission  on  “Nazi  Air¬ 
craft  Radio  Equipment”  attracted  a 


considerable  amount  of  interest.  Mi- 
Barton’s  talk  was  similar  to  that  whic!, 
he  delivered  before  the  October  meet¬ 
ing  of  the  Institute  of  Radio  Engi¬ 
neers  in  New  York  and  covered  essen¬ 
tially  the  same  type  of  equipment  a 
that  described  by  Mr.  Jupe  in  the 
November  issue  of  Electronics. 

The  afternoon  technical  session  was 
opened  by  J.  J.  Farrell  of  the  Genera! 
Electric  Company  who  spoke  on  “Flexi¬ 
bility  in  Communication  Equipment 
Production.”  With  the  potential  if 
not  actual  limitations  of  manpower,  it 
was  pointed  out  that  a  considerable 
increase  in  efficiency  of  manufacture 
of  radio  components  could  be  achieved 
through  the  use  of  standardization,  de¬ 
sign  simplification  and  the  most  ef¬ 
fective  production  methods.  In  many 
cases  critical  material  can  be  replaced 
by  substitute  or  alternative  materials 
with  little  or  no  sacrifice  in  essential 
performance.  Such  a  procedure  was 
recommended  wherever  it  was  possible 
to  put  into  effect,  provided  the  alter¬ 
nate  or  substitute  material  permitted 
the  manufacturer  to  fulfill  government 
specifications. 

Radio  production  test  methods  was 
the  topic  of  a  talk  delivered  by  Harry 
Rice,  of  the  Sperry  Gyroscope  Com¬ 
pany.  Mr.  Rice  showed  that  it  was  fre¬ 
quently  possible  to  effect  economies  of 
material  and  time  by  increasing  the 
number  of  test  positions  at  which  in¬ 
spection  operations  were  carried  out. 
If  it  is  possible  to  inspect,  100  percent, 
all  of  the  incoming  parts,  and  to  in¬ 
spect  sub-assemblies  after  each  im¬ 
portant  or  essential  operation  has 
been  completed,  the  tests  of  final  as- 


MICROSCOPISTS  STUDY  NEW  INSTRUMENTS 


Microscopists  and  chemists  attending  the  national  Chemical  Exposition  in  Chicago 
had  an  opportunity  to  study  and  operate  a  new  mobile  simpliiied  electron 
microscope  developed  by  Dr.  C.  H.  Bachman  and  Dr.  Simon  Ramo,  of  General 
Electric's  Electronics  Laboratory.  This  picture  shows  some  of  the  microscopists 
around  the  instrument.  The  image  of  a  specimen  can  be  enlarged  10.000  times 
with  the  instrument.  Further  enlargement  of  the  picture  can  be  made 
photographically,  up  to  100.000  times  the  size  of  the  original  specimen 
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RHEOS 
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All-Ceramic  Vitreous-homeled 

RHEOSTATS 


There  is  a  basic  difference  in  Ohmite  rheostat  design  that  becomes  more  and 
more  apparent  in  actual  service ...  a  difference  in  smoothness  of  action, 
in  long  life,  in  trouble-free  performance  that  means  permanently  smooth,  close, 
electrical  control.  Every  design  feature  has  been  time-proved  under 
the  most  critical  conditions,  in  every  climate,  on  land,  at  sea  and  in  the  air. 
This  soundness  of  design,  plus  the  wide  range  of  types  and  sizes,  has  made 
Ohmite  Rheostats  readily  applicable  to  today’s  vital  needs  in  war  and 
industry.  It  also  makes  them  ready  to  serve  in  the  design  of  new  devices  to 
defeat  the  enemy  and  build  for  tomorrow’s  peace.  Many  stock  types. 

Special  units  engineered  for  you.  Approved  typesfor  Army  and  Navy  specifications. 

Send  for  Catalog  and  Engineering  Manual  No.  40 

the  selection  M  V 


Write  on  company  letterhead  Jor  this  helpjul  96  page  guide  in 
and  application  of  Rheostats,  Resistors,  Tap  Switches. 

OHMITE  MANUFACTURING  CO.,  4816  FLOURNOY  ST.,  CHICAGO,  U.  S.  A 
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sembly  are  considerably  simplified 
Moreover,  the  number  of  rejections  of 
a  completed  unit  will  be  considerably 
reduced  since  any  defective  component 
will  have  been  detected  in  the  inspec¬ 
tion  of  sub-assemblies. 

After  this  preliminary  discussion 
Mr.  Rice  talked  at  some  length  on  the 
measurement  of  certain  component.- 
Resistances  are  conveniently  measured 
by  means  of  a  percent  limit  bridge  for 
values  of  resistance  less  than  100,000 
ohms.  For  resistances  greater  than 
this  value,  a  megohm  bridge  is  cu.-- 
tomarily  employed.  Capacitors  are 
checked  for  actual  value  of  capacitance 
as  well  as  voltage  breakdown.  In  the 
case  of  variable  condensers,  the  capaci¬ 
tance  is  checked  at  four  points  of 
rotation  by  inserting  the  condenser  in 
a  push-button  tuning  tjrpe  of  device. 
Radio  frequency  chokes  and  coils  are 
customarily  tested  by  means  of  a  QX 
checker. 

“Photographic  Templates”  was  the 
topic  of  a  talk  by  Mr.  E.  G.  Jewett  and 
M.  C.  Case,  who  described  the  method 
of  photographic  reproduction  devel¬ 
oped  and  employed  by  the  Lockheed 
.4ircraft  Company.  The  application  of 
photographic  methods  for  the  dupli¬ 
cation  of  drawing  to  scale  or  to  full 
size  has  been  responsible  for  the  sav¬ 
ing  of  much  work  in  the  drafting  de¬ 
partment.  At  the  same  time  it  has 
reduced  the  errors  to  a  negligible 
amount.  By  coating  sheet  aluminum 
with  a  photosensitive  circuit  it  is  im¬ 
possible  to  project  a  drawing  onto  a 
sheet  of  metal  and  to  subsequently 
process  this  metal  in  accordance  with 
the  template  marking  produced  thereon 
by  photographic  methods.  The  second 
method  is  obviously  useful  primarily 
in  those  cases  where  flat  surfaces,  such 
as  the  chassis  of  radio  receivers,  are 
encountered. 

At  the  banquet  James  Lawrence  Fly, 
chairman  of  the  Federal  Communica¬ 
tions  Commission  predicted  great  ex¬ 
pansion  of  radio  in  all  its  phases  at 
the  conclusion  of  hostilities.  More 
than  ever  before  this  is  a  people's  war, 
and  this  state  of  affairs  has  been  pos¬ 
sible  largely  through  extensive  use  of 
radio  broadcast  methods.  Commis¬ 
sioner  Fly  urged  that  a  committee  for 
post-war  planning  be  established  for 
the  purpose  of  solving  such  problems 
as:  (1)  The  administrative  problem 
which  will  be  encountered  with  the 
increased  expansion  of  television  and 
FM  facilities;  (2)  the  surplus  of  war 
radio  equipment  which  will  have  to  be 
disposed  of  after  the  war  is  over;  (3) 
the  finding  of  jobs  for  men  now  ac¬ 
tively  engaged  in  radio  services  in  the 
i  armed  forces,  and  (4)  the  expansion 
I  of  radio  technique  in  other  fields,  such 
as  diathermy,  industrial  electronic  and 
I  similar  developments. 


AR 

FEATHEIIWEIGHT 

RELAY 


The  AR  Featherweight  Relay  is  a  rugged  performer  despite  its 
low  weight  of  30  grams  and  minute  dimensions  of  13/16  x 
1  3/16  X  1  3/8  inches. 

Its  contacts  handle  3  amperes  at  24  volts  DC  or  110  volts  AC, 
single  pole  double  throw. 

The  AR  can  be  furnished  with  a  variety  of  coils  to  operate  at 
from  1.3  to  38  volts  DC  and  from  6  to  113  volts  AC.  Coils  are 
impregnated  to  withstand  humidity  and  all  bakelite  parts  are 
wax  impregnated.  *  Model  as  when  insulated  from  frame. 

The  AR  Featherweight  Relay  is 
^  A  A  A  A  designed  to  meet  Army,  Navy 

MkmWM  mMm  m  and  C  A  A  specifications. 


,  ,  ^  .r  w  .  ^  BAKEUTE  CASE  TO  ENCLOSE 
ALLIED'S  A3  AND  AS  HC  SEALED  SWITCHES 


Thousands  of  Allied  A3  and 
AS  HC  Switches  (in  ceramic 
cases)  are  performing  their 
funaions  in  electrical  equip¬ 
ment  in  every  part  of  the  world 
. . .  their  working  design  and 
parts  have  been  proven  and  ac¬ 
cepted  as  standard  equipment 
...  in  the  engineering  and  in 


the  designing  of  the  New 
Bakelite  Case  for  weight  saving  and  greater  structural  strength 
no  changes  were  made  in  either  working  design  or  parts. 


Featires  of  the  New  Bakelite  A3  and  AS 
HC  Switchei  mclnde: 

CONTACT  OPERATING  PRESSURES: 

ARRANGEMENT:  lii  to  pounds;  stainless  steel 

....  .  ...  plunger  travel  differential,  AS, 

*'"**•  P®I*,*'*JA**  make  to  break  travel  O.OM  to  0.012 

nonully  open,  double  break.  Al.  of  an  inch;  AS,  break  to  mak« 

single  pole  single  throw  .  .  .  nor-  ,„vel  0.006  to  0.012  of  an  inch, 

mally  closed,  double  break. 

CONTACT  RATING:  ofo 

0.050  to  0.070  of  an  inch  at  maxi, 
non  inductiv^  50  amperes  at  12  mum  pressure, 

and  24  volts  DC  and  110  volts  AC. 

VIBRATION: 

TvElun  .  jQ  for  either  horizontal  or  ver- 

four  ounces.  tical  positions. 


Characteristics  of 
Electron  Lenses 

.4  PAPER  by  Karl  Spangenberg  and 
Lester  M.  Field  presented  before  the 
summer  convention  of  the  Institute  of 
Radio  Engineers,  Detroit,  Mich,  on 
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the  GOULD-MOODY  (fompany 

RECORDING  BLANK  DIVISION 
395  BROADWAY  NEW  YORK.  N.  Y. 


are  out  because  there  are 


in  GOULD-MOODY’S  sensational 
“Black  Sear  GLASS  BASE 

RECORDING  BLANKS 


Gremlins  are  those  pesky  little  pixies  who  annoy 
pilots  of  the  RAF  and  the  U.  S.  Air  Force. 
They’re  also  present  in  many  recording  blanks, 
causing  wows  and  rumbles,  squeaks  and  noises. 
But,  there  are  no  Gremlins  in  "Black  Seal”  Glass 
Base  Instantaneous  Recording  Blanks.  They’re 
the  talk  of  the  industry  ...giving  a  wide  fre¬ 
quency  range,  true  and  beautiful  reproductive 
qualities,  and  absolute  freedom  from  noises— 
you  hear  only  the  performance  itself  !  Try  these 
Gremlin-free  "Black  Seal”  blanks  at  our  expense 
—  if  they  don’t  -come  up  to  your  expectations, 
send  them  back  and  we’ll  stand  the  entire  tariff. 


Old  Aluminum  Blanks  Recoated  with  the 
’’Black  Seal”  Formula  in  24  fast  hours. 


Ship  and  Protect  your  Records  with  the 
new  Gould-Moody  PacKARTON  light¬ 
weight,  corrugated  container.  Saves  time, 
saves  records  and  reduces  shipping  costs. 


IMMEDIATE  DELIVERY  I  Styli  and 
shipping  cartons  supplied  at  cost. 


They're  well-meaning,  but  kind  of  careless,  people  who  buy 
things  they  don't  need,  who  spread  rumors,  who  throw  owoy 
scrap  and  rags,  who  waste  fuel,  who  drive  their  cars  too  fast, 
who  aim  to  but  don't  invest  in  War  Bonds. 

Help  win  the  war,  help  spread  the  word 
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ALLEN  B.  DU  MONT 
LABORATORIES,  Inc. 

Passaic  •  New  Jersey 

Cob/e  Address  Wespexim,  New  York 


June  24,  1941  is  contained  in  Vol.  20, 
No.  4  of  Electrical  Communicati.in. 
The  title  of  the  article  is  “Some  Sim¬ 
plified  Method  of  Determining  the  ()p. 
tical  Characteristics  of  Elect;on 
Lenses.”  The  following  material  is 
the  author’s  abstract. 

Some  new  methods  of  calculating  Kms 
characteristics  are  proposed  which  are 
relatively  simpler  and  more  accurate 
than  those  previously  suggested.  The 
first  is  an  extension  of  Saling;  r's 
method  of  joined  circular  segments  ap¬ 
plied  to  paraxial  rays  in  field  with  a 
rotational  symmetry.  This  requires  as 
information  only  the  axial  potential 
and  derivative  thereof.  This  method 
is  a  computational  equivalent  of  the 
original  graphical  method.  A  sec¬ 
ond  method  makes  use  of  the  action 
function  which  is  approximated  from 
the  potential  function.  Electron  paths 
are  taken  as  normal  to  the  lines  of  con¬ 
stant  action.  A  third  method  replaces 
the  convergent  and  divergent  parts  of 
the  usual  lens  with  equivalent  thin 
lenses  and  then  calculates  the  focal 
length  by  means  of  combination  formu¬ 
las  applied  to  the  two  thin  lenses.  .AH 
calculating  methods  are,  however,  suf¬ 
ficiently  long  in  application  and  inde¬ 
terminate  in  accuracy  that  experi¬ 
mental  methods  of  finding  lens  chaiac- 
teristics  are  preferred. 

A  new  experimental  method  makes 
use  of  a  demountable  vacuum  tube. 
Lens  characteristics  are  determined 
from  angular  magnification  measured 
from  the  shadows  cast  by  objects  il¬ 
luminated  by  a  point  .source  of  elec¬ 
tron.  No  screens  are  required,  nor  is  it 
necessary  to  generate  rays  parallel  to 
the  axis.  By  observing  magnification 
for  all  voltage  ratios  between  two  posi¬ 
tions  of  the  objects  screened  enough 
data  are  available  to  determine  the  four 
cardinal  focal  distances  for  all  voltage 
ratios.  The  results  are  considered  more 
accurate  and  cover  a  greater  range  of 
voltage  ratios  than  those  reported  by 
previous  investigators.  Graphical 
method  has  been  developed  for  deter¬ 
mining  the  spherical-aberration  char¬ 
acteristic  of  the  lens  from  the  curva¬ 
ture  of  the  object-screened  images  ob¬ 
served  on  the  fluorescent  screen. 


if  Grood  tone — the  average  ear  demands 
just  that.  But  how  can  we  describe  good 
tone — in  precise  terms  other  than  mere  per¬ 
sonal  opinion  as  to  what  "listens  good?" 


Sine  waves  of  a  tuning  fork,  A-440 
cycles  per  second.  Note  the  pure 
wave  form  absolutely  devoid  of  har¬ 
monics.  If  secondary  waves  are  super¬ 
imposed  on  the  fundamental  wave,  we 
have  the  harmonics  or  overtones  which 
distinguish  voices  or  instruments. 


The  DuMont  oscillograph  again  comes  to 
the  rescue.  Simply  pick  up  the  voice  or  in¬ 
strument.  and  reproduce  it  as  an  oscillo¬ 
gram.  Here  we  have  a  iaithiul  portrayal  oi 
fundamental  pitch  and  overtone  compon¬ 
ents.  If  that  voice  or  instriunent  is  pleasing, 
then  we  have  a  veritable  electronic  master 
blueprint  to  be  followed  and  matched  in 
duplicating  that  desired  tone  quality. 


G-392  cycles  per  second  as  produced 
by  a  single  reed  of  an  accordian.  Com¬ 
plex  wave  form  is  the  result  of  reed 
being  driven  to  a  high  amplitude,  pro¬ 
ducing  many  harmonics  or  overtones. 


Plioloeleelric  Deteriiiiiiatioii 
Of  Oxygen  Saturation  of 
Arterial  Blood  in  Man 


Thus  tone  is  no  longer  a  matter  of  personal 
opinion.  It  is  a  precise  quantity  as  well  as 
quality  to  be  duplicated.  Which  represents 
but  another  example  of  how  the  versatile 
DuMont  oscillograph  is  employed  today. 


An  intkresting  application  of  the 
barrier  layer  type  of  photoelectric  cell 
is  (le.scribed  by  Dr.  E.  A.  Millikan  in 
the  October  issue  of  The  Review  of 
Scientific  Instrumentn.  Dr.  Millikan':- 
article  is  entitled,  “The  Oximeter,  an 
Instrument  for  Measuring  Continu¬ 
ously  the  Oxygen  Saturation  of 
Arterial  Blood  in  Man.”  It  is  shown 
that  the  oxygen  saturation  of  arterial 
blood  can  be  measured  continuously 
in  situ  by  means  of  bichromatic  photo¬ 
electric  colorimetry  of  the  fully  flushed 
ear.  The  accuracy  of  the  photoelectric 
device  has  been  checked  by  gas  an¬ 
alysis  of  arterial  blood  samples  and 
the  error  is  found  to  be  from  3  to  8 


E-392.6  cyclei  p«r  lecond  as  produced 
by  the  D  string  of  a  violin,  with  first 
finger  in  position.  Since  the  entire 
body  of  the  violin  resonates,  the  tone 
is  rich  in  harmonics  and  wave  form  will 
vary  greatly  from  note  to  note. 


★  Write  for  Literature 
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tPH  HlTl^^ 


It  wasn't  so  very  long  ago  that  they  might  hove  gotten  their  signals 
from  a  canny  quarterback  or  the  traffic  light  on  the  corner.  Today, 
the  long,  lean  fingers  of  thousands  of  Americans  ore  tapping  out 
messages  in  the  Signal  Corps— the  first  line  at  the  front  line. 


Serving  with  the  Signal  Corps  on  all  battle- 
fronts,  as  well  as  in  training  schools,  are 
telegraph  keys  produced  by  American  Radio 
Hardware.  Model  J-38  is  illustrated  . . .  other 
models,  and  there  are  many, 
include  the  J-37,  'J-44,  J-45. 

Each  one  is  utilized  by  both 

troops  and  students,  helping 

to  hammer  home  a  g  ^  g 

Tap,  top,  top  of  victory  for  our  side 

.  .  .  and  sounding  taps  for  Adolph 

Hitler  and  his  side.  It's  a  beautiful  rhythm, 

this  victory  top,  and  daily  it  grows  louder 

and  louder  and  more  encouraging.  Along 

with  you,  we're  mighty  proud  to  be  port  of  it! 


in  "actiTe  serrice'*  on  oiu  tide  ore  our 
DIM-E-ROID  polarized,  adjustable  panel  lamps  for 
bombers  and  fighter  planes  .  . .  and  the  PHONE- 
SWITCH  aerial  communications  combination  used 
by  Paratroopers.  Write  for  catalogs  of  all  Ameri¬ 
can  Radio  Hardware  products. 


100%  Behind  the  Victory  Effort 
.  .  .  in  production  . .  .  employee 
purchases  of  War  Bonds  and 
Stamps. ..and  the  war  on  waste. 


476  BttOADMMf,  NeW  YORK,  K.  Y. 
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percent.  Features  of  the  system  are 
the  small  size  and  weight  of  the  optical 
and  photoelectric  system,  and  the  fact 
that  the  photoelectric  method  provides 
a  means  of  making  continuous  exami¬ 
nations  without  the  need  for  taking 
blood  samples  with  its  disadvantage  of 
the  possibility  of  invalidating  the  re¬ 
sults  because  of  anxiety  and  possible 
pain  which  may  be  produced  by  such 
sampling  methods. 

Essentially  the  photoelectric  ele¬ 
ment  consists  of  a  two-color  photo¬ 
electric  colorimeter,  whose  entire  opti¬ 
cal  system  is  contained  in  a  small  unit 
which  slips  over  the  shell  of  the  sub¬ 
ject’s  ear.  The  total  weight  of  this 
unit  is  30  grams.  One  of  the  light 
filters  of  the  optical  system  transmits 
a  wavelength  band  which  is  equally 
absorbed  by  oxyhemoglobin  and  re¬ 
duced  hemoglobin,  thus  providing  a 
means  of  measuring  the  total  amount 
of  hemoglobin  in  the  optical  path,  inde¬ 
pendent  of  its  degree  of  oxygen  satura¬ 
tion.  The  other  color,  transmitted 
through  the  alternate  filter,  is  very 
differently  absorbed  by  the  two  hemo¬ 
globin  forms. 

The  introductory  portion  of  Dr.  Milli¬ 
kan’s  paper  deals  with  the  application 
of  two-color  photoelectric  methods  to 
a  clear  solution  of  pigments  contained 
in  a  parallel  sided  trough  and  illumi¬ 
nated  by  parallel  bundles  of  mono¬ 
chromatic  light.  This  analysis  is,  of 
course,  a  gross  over-simplification  of 
the  affairs  actually  encountered  in  hu¬ 
man  subjects,  but  it  makes  possible  a 
theoretical  analysis  of  the  essential 
method  of  operation. 

On  the  basis  of  analysis  of  this  ideal 
case  it  has  been  shown  that  three 
simple  relationships  exists:  (1)  The 
oxygen  saturation  is  directly  propor¬ 
tional  to  the  logarithm  of  the  trans¬ 
mitted  light  through  the  sample.  (2) 
The  slope  of  the  lines  giving  the  rela¬ 
tionship  between  oxygen  saturation  as 
the  ordinate  and  the  logarithm  of  the 
light  intensity  ratio  as  the  abscissa  is 
inversely  proportional  to  the  concen¬ 
tration  of  total  hemoglobin  and  is  also 
a  function  of  the  absorption  coefficient. 
If  the  “oxy-”  and  “reduced”  forms 
have  identical  absorption  coefficients, 
or  if  the  total  hemoglobin  concentrate 
becomes  zero,  this  slope  becomes  infin¬ 
ite  and  there  is  no  change  in  light 
transmission  for  varying  oxygen 
saturation. 

The  system  actually  employed  falls 
far  short  of  the  ideal  case  in  practi¬ 
cally  every  particular.  Since  it  is  im¬ 
possible  to  predict  quantitatively  the 
deviations  of  actual  practice  from 
ideal  theory,  an  extensive  experimental 
investigation  was  undertaken.  The 
purpose  of  this  investigation  was  to 
determine  the  actual  relations  between 
transmission  of  both  “red”  and  “green” 
light  by  the  ear,  and  the  arterial  sat¬ 
uration,  was  determined  by  sampling 
methods.  The  results  on  a  number  of 
subjects  provided  data  from  which  the 
actual  experimental  determination 
could  be  correlated  with  the  theoreti¬ 
cal  calculation. 

I  Dr.  Millikan  describes  three  forms 


Meissner  employees  ore 
justifiably  proud  of  their 
"E  "  emblems  .  .  .  the  symbol 
of  a  job  well  done. 
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.  .  .  and  they  are  real  seagoing  repro¬ 
ducers!  .  .  .  because  each  one  has  been 
specially  constructed  and  meticulously 
engineered  for  perfect  performance  un¬ 
der  the  most  severe  operating  conditions. 

enden 

RADIO  MANUFACTURING  CO. 

^  6601  SO.  LARAMIE  AVENUE,  CHICAGO 


CELL 


r^ird  War! 


We  are  proud  that  THORDARSON  helped  win  the  first  two,  and  now 
our  47  years  of  experienee  has  gone  “all  out”  to  help  win  this  war! 
THORDARSON  research  engineers  are  working  Vound  the  clock  .  .  . 
constantly  seeking  new  methods  for  greater  transformer  efficiency. 

When  xve  have  won  this  war  and  returned  to  our  normal  industrial 
life  .  .  .  THORDARSON  engineers  will  he  in  possession  of  priceless 
knowledge  which  will  be  incorporated 
in  THORDARSON  products. 

Your  transformer  problems  will  he  m 

welcomed  by  THORDARSON  engi- 
neers  .  .  .  let  them  help  vou! 


IHORDARSON. 

ELECTRIC  MFG.  COMPANY 
500  WEST  HURON  STREET,  CHICAGO,  ILLIN(3tt 


of  oximeters.  All  of  them  employ  the 
same  design  of  ear  units  and  utilize 
the  same  calibration  data  and  standard 
filter.  All  require  the  same  constancy 
of  voltage  supply  to  the  lamps  (plus 
or  minus  0.5  percent).  The  differences 
appear  only  in  the  means  which  are 
used  to  transform  identical  combina¬ 
tions  of  photo  current  into  identical 
saturation  readings.  Each  of  the  units 
has  different  requirements  for  galvo- 
nometer  sensitivity.  The  three  forms 
of  oximeters  are  shown  in  schematic 
wiring  diagram  found  in  Figs.  1,  2 
and  3. 


CONTROL 
SWITCH  i 


.  /  \ 

GREEN”  ’RED" 


Fig.  1 — Schematic  wiring  diagram  for 
multiple  scale  oximeter,  which,  when  used 
multiple  scale,  permits  direct  readings  to 
be  made  of  oxygen  saturation  of  the  blood 


The  ear  unit  consists  of  a  small 
U-shaped  frame,  which  slips  over  the 
shell  of  the  ear.  In  one  leg  of  this 
frame  is  a  6  to  8-volt  miniature  lamp 
bulb  surrounded  by  a  threaded  lead 
which  can  be  screwed  against  the  ear 
just  tightly  enough  to  prevent  the 
unit  from  slipping.  The  other  leg  of 
the  U-shaped  form  carries  a  small 
bakelite  box  and  contains  the  filter 
and  barrier  layer  type  of  photoelectric 
cell.  These  are  divided  by  two  parallel 
grooves  in  a  sensitive  surface  to  form 
three  functionally  distinct  light  sensi¬ 
tive  carriers. 

A  Wratten  No.  29  red  gelatin  filter 
is  cemented  over  the  center  strip  of 
photoelectric  surface  and  a  Wratten 
No.  61  green  filter  is  cemented  over 
each  of  the  two  outside  strips.  The 
two  outside  strips  are  connected  to¬ 
gether  so  that  in  effect  they  form  a 
single  green  sensitive  photoelectric 
element  symmetrically  arranged  on 
both  sides  of  the  central  red  element. 

Electrically  all  of  the  three  oximeter 
circuits  are  similar  and  except  for  the 
special  construction  of  the  barrier  layer 
type  of  photoelectric  element,  should 
introduce  no  difficulty  in  construction. 
In  Fig.  1,  /2,  and  are  equal  and  rep¬ 
resent  the  critical  damping  resistance 
of  the  galvonometer  G.  The  resistors 
/?,  and  Rt  control  the  brilliance  of  the 
lamp  and  should  be  adjusted  to  fulfill 
two  conditions:  (1)  The  lamp  must  be 
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When  the  shortest  distance  is  MOT  a  straight  line 


FLEXIBLE  SHAFTING 


FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


i^F^WALKER'TURNER 

FLEXIBLE  SHAFTINC 


When  the  shortest  distance  for  transmission  of 
power  or  control  between  two  points  is  not  a 
straight  line  —  specify  Walker-Turner  Flexible 
Shafting. 

Designed  and  made  entirely  in  our  own  plant, 
Walker-Turner  Flexible  Shafting  has  been  thor¬ 
oughly  job-tested  in  thousands  of  our  flexible 
shaft  machines.  From  our  broad  experience  in 
its  manufacture  and  application,  we  have  been 
able  to  render  valuable  assistance  to  aircraft 
manufacturers  and  other  producers  of  war 
equipment.  Perhaps  the  transmission  problem 
that  your  engineering  department  is  trying  to 
solve,  has  been  worked  out  by  us  for  other 
concerns.  Why  not  ask  us? 


WALKER-TURNER  COMPANY,  INC. 

1413  BERCKMAN  STREET  •  PLAINFIELD,  N.  1 
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Turner  Microphones  are  specifically  designed 
and  engineered  to  faithfully  reproduce  grada¬ 
tions  of  volume,  amplifying  only  the  vibrations 
received  by  the  diaphragm,  without  adding  any 
of  the  harmonics. 

Am  Turner  Cardioid  lOl 

Here's  the  unit  that  stymies  all  bachwound  noises.  The 
2-element  scnerator  produces  true  cardioid  characteristics 
and  offers  the  best  features  of  both  the  dynamic  and  veloc¬ 
ity.  Where  the  going  is  tough  and  acoustic  conditions 
practically  impossible,  a  Turner  Cardioid  can  handle  the 
job.  Available  in  Standard,  De  Luxe  and  Broadcast  Models. 

II.  Turner  Tfl-S  Multiflex 

This  ONE  Turner  unit  offers  your  choice  of  4  impedances- 
50,  200  or  500  ohms  or  hi-impedance,  simply  by  twisting 
the  switch.  A  dynamic  microphone  that's  free  from  peaks 
and  holes  from  40  to  9000  cycles.  Be  sure  you  can  handle 
ANY  job  with  Turner  U9-S. 

C.  Turner  211  Dynamie 

Utilisation  of  a  new  type  magnet  structure  and  acoustic 
network  permits  outstanding  performance  characteristics 
with  the  211.  High  frequency  range  has  been  extended 
and  extreme  lows  raised,  to  compensate  for  over-all  defic¬ 
iencies  in  loud  speaker  systems. 

D.  Turner  Han-D 

Hold  it,  hang  it,  or  mount  it  on  standard  desk  or  floor 
stand,  this  Turner  is  HAN-D.  Positive  contact  slide  switch 
permits  off-on  operation.  Will  not  blast  from  close  speak¬ 
ing.  Crystal  or  Dynamic. 

If  You  Have  a  Pritirity  Ratinif 

WRITE,  explaining  your  communications  problems  and  we  can 
help  you  select  the  Turner  Microphone  best  suited  to  yoiu  needs. 
Also,  information  on  how  to  make  your  present  Turner  Microphones 
and  Equipment  give  longer,  better  service. 


FREE  : 


Tum.r  Microphon.  Catalog,  with  complata  informatioit 
and  pricM  on  Tur>\ar  Microphonas  and  Equipment.  Write: 


Cryatala  Licenaad  Under  Patents  of  The  Brush  Development  Co. 


THE  TURNER  CO 

C  E  D-A  R  RAPIDS,  IOWA 


Fig.  2 — Schematic  wiring  diagram  of 
single  scale  oximeter  with  manual  adiust- 


In  Fig.  2,  the  basic  circuit  is  modified 
only  by  the  addition  of  an  adjustable 
bias  for  the  galvanometer  0  position, 
and  the  substitution  of  a  lamp  circuit 
which  provides  constant  brightness. 
As  before,  i?,  =  /?,  and  these  repre¬ 
sent  the  critical  damping  resistances 
of  the  galvanometer.  The  resistor 
may  be  any  value,  about  200  ohms  to 
20,000  ohms,  while  i?,  =  75,000  ohms 
and  7?4  =  1  megohm.  The  source  of 
bias  potential  should  be  adjusted  to 
give  a  convenient  range  of  adjustment 
with  i?5.  None  of  the  resistance  values 
need  be  exact  except  that  the  ratio 
Ri  'Rt  which  should  be  13.3. 

The  schematic  wiring  diagram  of  a 
single  scale  oximeter,  with  automatic 
adjustment  for  ear  thickness  is  shown 
in  Fig.  3.  The  “green”  photo  current 
is  used  to  displace  the  galvanometer 
zero  by  an  amount  determined  by  the 
ear  thickness.  The  critical  damping 
resistance  galvanometer  is  designated 
as  Ry.  The  resistor  R,  =  Ri/20,  while 
/?!  =  i?s  +  i?,.  None  of  these  values 
need  be  exact,  but  /?,  is  accurately  ad¬ 
justed  until  the  “set  filter”  deflects  as 
20  percent  of  the  magnitude  of  the 
“run”  deflection  with  the  red  photocell 
short  circuit. 

Most  of  the  oximeters  now  in  opera¬ 
tion  are  installed  in  low  pressure  cham¬ 
bers  and  are  being  used  for  research  in 
aviation  medicine.  For  experimental 
purposes  it  is  generally  desirable  to 
have  at  least  two  ear  units  operating 
simultaneously,  one  on  the  subject,  the 
other  on  the  control.  In  some  cases  it  is 
desired  to  protect  the  entire  personnel 
in  a  chamber.  Oximeter  installations 
of  2.  3,  6  and  10  subjects  have  been 
constructed  by  simple  repetition  of 
parts,  and  the  addition  of  a  selector 
switch.  The  switch  can  be  arranged 
for  automatic  selection  of  subjects  and 


bright  enough  when  the  control  switch 
is  thrown  to  “red”  to  maintain  the  ear 
in  a  fully  flushed  state.  (2)  The  lamp 
must  be  bright  enough  with  the  con¬ 
trol  switch  thrown  to  “green”  to  give 
full  scale  deflection  with  the  standard 
A  filter. 
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A  new  approach  to  the  problem  of 
measuring  audio  frequency  equipment 

One  of  the  most  recent  approaches  to  the  problem  of  measur¬ 
ing  the  response  of  amplifiers  and  networks  is  to  apply  a 
square  wave  voltage  and  observe  shape  of  the  wave  which  is 
transmitted.  The  frequencies  contained  in  a  uniform  square 
wave  are  given  by  the  relation : 

f  (t)  (sin  wt  +  1/3  sin  3  wt  1/5  sin  5  wt  -t- . . . ) 

In  practice  a  wave  which  appears  to  be  perfectly  square  will 
contain  thirty  harmonics  or  more  and  when  the  amplitude  or 
phase  relation  of  the  harmonics  is  disturbed  the  square  wave 
will  be  distorted.  Thus  the  application  of  a  square  wave  to 
circuit  shows  up  any  irregularities  in  the  amplitude  or  phase 
transmission  of  that  circuit  not  only  at  the  square  wave  fre¬ 
quency  but  also  at  frequencies  far  removed  from  the  test  point. 

The  square  wave  test  is  particularly  important  in  feedback 
circuits  where  the  circuit  performance  outside  the  normal 
transmission  band  is  generally  of  interest.  The  application  of  a 
square  wave  test  to  a  feedback  amplifier  will  show  in  a  single 
observation  whether  the  amplifier  is  close  to  oscillation  point. 


Square  u  at  t  applied  to  two  amplifieri. 
Output  of  one  on  horizontal  plates,  out¬ 
put  or  other  vertical  plates  for  rapid 
comparison  test.  One  amplifier  defective 
shows  up  immediately  whereas  without 
square  wave  a  long  point  by  point  fre¬ 
quency  response  would  he  required  to 
discos  er  deviation  from  standard. 


Square  wave  distortion  from 
poor  response  at  both  low 
and  high  frequeniy.  < Oscil¬ 
logram  taken  on  a  typical 
public  address  amplifier.) 


SPEED  UP  PRODUCTION  AND 
DEVELOPMENT  WORK  .  .  .  . 

wJUm  Wave  Generator  will  help  you  in  Pro- 

duction  and  development  work  on  A.  F.  amplifiers. 
As  a  general  purpose  instrument  for  laboratory  work  and  as  a 
lime  saver  in  production  testing  a  square  wave  generator  is  an 
important  instrument. 

The  -hp-  model  210  Square  Wave  Generator  provides  an  excel¬ 
lent  square  wave  and  is  more  useful  than  other  instruments  of  this 
type  because  the  frequency  can  be  accurately  set  for  quantitative 
measurements  of  decrement  factor,  time  and  other  quantities  to 
transient  analysis.  It  will  save  valuable  time  in  production  testing 
i'ecause  one  or  two  observations  will  check  the  frequency  re- 
ponse  of  apparatus  where  heretofore  a  large  number  of  observa¬ 
tions  were  necessary.  This  new  instrument  is  an  important  tool 
'or  development  work  because  it  will  show  up  phase  shift  and 
transient  effects,  both  of  which  are  rather  difficult  to  study  by 
>ther  methods.  In  one  observation  a  square  wave  applied  to 
'uplifier  will  check  a  wide  frequency  range,  a  range  of  100  to  1  or 


even  more.  This  is  extremely  important  because  once  the  proper 
criterion  has  been  established  a  production  test  can  be  set  up  w  ith 
one  or  at  the  most  two  observations  with  a  square  wave. 

No  priority  needed  to  avail  yourself  of  our  engineering  help 
but  -hp-  instruments  are  going  all-out  for  war  and  quick  deliver¬ 
ies  can  be  made  only  to  people  engaged  in  the  war  effort.  How¬ 
ever,  we  are  making  prompt  deliveries  to  war  plants  an.-  our 
capacity  tor  fast  production  is  ample.  Write  today  for  information. 


Square  wave  test  on 
feedback  amplifier 
showing  amplifica¬ 
tion  peak  at  9  times 
square  wave  fre¬ 
quency.  (A  normal 
frequency  response 
measurement  shows 
fiat  response  from 
30  cps  to  30  ks.) 

HEWLETT-PACKARD  CO. 

BOX  135  Y,  STATION  A  •  PALO  ALTO,  CALIF. 
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Fiq.  3 — Circuit  diagram  of  single  scole 
oximeter,  with  automatic  adjustment  lor 
ear  thickness 


it  is  also  possible  to  have  multi-panel 
recordings  by  linking  the  oximeter  to  a 
suitable  insulating  recorder.  Projection 
galvanometers  allow  everyone  in  the 
chamber  to  observe  the  saturation 
value,  and  signal  lamps  can  be  ar¬ 
ranged  to  indicate  the  subject  beinj; 
measured.  Two  suggested  medical  ap¬ 
plications  may  be  of  considerable  value. 
It  should  be  possible  with  this  device 
to  follow  continuously  the  respiratory 
condition  of  the  patient  during  the 
course  of  an  operation  which  should  be 
of  anesthesiologist.  As  a  second  ap¬ 
plication,  the  oximeter  could  be  used  to 
determine  the  effects  of  oxygen  therapy- 
in  raising  the  level  of  oxygen  in  the 
blood. 

It  should  not  be  forgotten,  in  con¬ 
sidering  normal  applications  of  an  in¬ 
strument  of  this  kind,  that  the  oxi¬ 
meter  is  not  a  primary  measuring  in¬ 
strument,  but  depends  for  its  reliabil¬ 
ity  upon  agreement  with  measure¬ 
ments  made  by  classical  methods.  Any 
new  use  requires  a  critical  examina¬ 
tion  of  the  basic  operating  principles 
and  a  fresh  series  of  calibrations,  if 
there  is  any  doubt  as  to  the  applica¬ 
bility  of  the  original  calibration  data. 
The  attempts  which  have  already  been 
made  to  apply  the  method  to  conditions 
beyond  the  range  of  those  described  in 
the  paper  by  Dr.  Millikan  have,  on  the 
whole,  been  promising. 


Forecasting  Deliveries 

of  TEST  EQUIPMENT  for  1943 


You  can  help  us  to  schedule  production  for  1943  more 
efficiently  so  that  you  will  be  better  assured  of  getting  General 
Radio  instruments  when  you  need  them.  Estimate  your  test 
equipment  requirements  when  you  plan  your  own  production 
and  place  your  orders  with  us  well  in  advance  of  the  desired 
delivery  dates. 

Our  present  plant  output  is  completely  allocated,  and  cur¬ 
rent  orders  will  be  delivered  early  in  1943.  If  you  will  need 
instruments  for  use  in  late  spring  and  summer,  order  them 
now,  specifying  the  desired  delivery  dates.  Ordering  well  in 
advance  will  help  to  assure  on-time  deliveries.  On  the  other 
hand,  please  do  not  call  for  delivery  ahead  of  actual  needs, 
and  thus  prevent  someone  else  from  getting  urgently  needed 
equipment  on  time.  Your  co-operation  will  help  us  to  deliver 
what  you  want,  when  you  need  it. 
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with  priHliirtion  sclHMlules  that  have  no 
|)rer«Mlent  In  history,  American  industry  fiiuls  the 
fhietiiating  voltages  of  its  over-loaded  {H>wer  lines 
wholly  inadequate  to  meet  the  ^\leadly”  precision 
demanded  for  total  war. 

Vital  ''nerve  centers”  of  pnxhiction  lines  are 
geared  for  precise  p«‘rformance  when  operated  at 
8j)ecific  line  voltages.  Any  variation  from  these 
rated  values,  and  there  are  many  these  days,  may 
well  mean  lagging  protluction  schedules  and  a 
noticeable  lack  of  uniformity  in  prcMluets. 

Fluctuating  line  voltages  are  no  problem  in 
plants  where  Sola  "CV’s”  have  taken  over.  F^ven 
though  the  |M*aks  and  valleys  of  |)ower  consump¬ 
tion  may  cause  a  voltage  variation  of  as  much  as 
i  30% — the  vital  ''nerve  centers”  of  their  pro¬ 


duction  lines  continue  to  o{>erate  sm(M>thly  and 
with  unerring  precision. 

Day  and  night,  without  care  or  sujx’rvision. 
Sola  (lonstant  Voltage  transformers  maintain  |K)si- 
tive  control  over  electrically  ojK'rated  instruments 
and  machines  that  are  indis|M‘nsahle  to  the  na¬ 
tion's  war  effort.  Thest*  transformers  are  available 
in  standard  units  with  capacities  ranging  from 
13>KVA,  which  might  l)e  used  for  an  entire  com¬ 
munications  system  for  instance,  to  the  small 
10  VA  units  for  vacuum  tulx's.  S|)ecial  units  can 
be  built  to  sjx'cifications. 


Note  to  Industrial  Executives:  Thr  prMpms  snli't-H 

hv  S*/«  "Cl  ”  tmiisformrrs  in  nthvr  plnnts  mnv  hair-  an  rxart 
cmmUTfMirt  in  \<Hirs.  Find  out.  .isk  far  hiilirtin  IH'.l  -71 


€onstani^^olla||e  iTrc^sf ormers 


Tronfformers  lor:  Constant  Voltage  •  Cold  Cathode  Lighting  •  Mercury  Lamps  •  Series  Lighting  •  Fluorescent  Lighting  •  X-ray  Equipment  •  Luminous  Tube  Signs 
0  Burner  Ignition  •  Radio  •  Power  •  Controls  •  Signal  Systems  •  Door  Bells  and  Chimes  •  etc.  SOLA  ELECTRIC  CO*#  3535  Clybourn  Avo.#  Chicago#  III. 
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For  military  reasons,  there  are  many  things  we  cannot  tell — 
facts  that  would  give  aid  (not  comfort)  to  the  enemy — figures 
from  which  Schickelgrueber  et  al  could  get  an  idea  of  Ameri¬ 
can  radio  and  mobile  equipment  production.  We  can  tell 
you  that  in  slightly  over  two  years  we  have  expended  our 
floor  space  to  four  times  the  former  amount  (our  own  buildings, 
not  rented  space),  the  number  of  employees  to  ten  times,  and 
dollar  production  to  fifteen  times.  All  of  this  additional  ca¬ 
pacity  is  being  used  to  produce  the  same  type  of  parts  we 
have  always  manufactured — tube  sockets,  insulators,  plugs 


Air  Commission.  This  meeting  was  a  - 
tended  by  a  larger  group  of  individua  s 
than  perhaps  any  other  similar  monthly 
meeting  in  the  New  York  metropolit;  ti 
area. 

Our  British  contemporary,  Elertrov  r 
Engineering,  presents  some  addition.tl 
information  not  covered  in  detail  in 
Mr.  Jupe’s  article.  This  treatment  is 
I  given  in  an  article  entitled  “The  Mf- 
1  chanical  Design  of  German  Army  Wir.^- 
less  Components,”  by  D.  Gifford  Hull, 

,  Royal  Corps  of  Signals,  in  the  Novem¬ 
ber  issue  of  Electronic  Engineering. 
This  article  provides  a  description  of 
some  of  the  more  unusual  designs  foui  d 
in  German  army  wireless  equipment 
captured  during  operations  in  the  Mid- 
die  East. 

Supporting  the  data  provided  by 
Mr.  Jupe  that  the  Nazi  radio  equip¬ 
ment  is  rather  heavily  built.  Lieuten¬ 
ant  Hull  states  that  extensive  use  of 
aluminum  alloy  die  castings  are  used 
for  the  chassis  of  radio  equipment, 
i  In  some  receivers  the  chassis  consists 
'  of  an  intricate  die  cast  framework, 
i  bolted  to  a  panel  casting.  In  certain 
1  of  the  small  sub-assemblies,  die  cast¬ 
ings  are  also  used  and  these  may  be 
sufficiently  intricate  as  to  include 
bosses  upon  which  the  components  are 
mounted.  Recesses  in  the  castings  are 
sometimes  provided  to  make  room  for 
certain  components,  while  strengthen¬ 
ing  ribs  are  fairly  commonplace.  In 
some  receivers  similar  circuits  are 
segregated  into  individual  units.  For 
example,  the  radio  frequency,  inter¬ 
mediate  frequency  and  audio  frequency 
circuit  may  each  be  built  into  their  own 
sub-assemblies  which  are  then  inserted 
in  the  receiver  itself. 

Tuning  condensers  of  the  mica  com¬ 
pression  type  have  been  almost  always 
replaced  by  silvered  ceramic  tuninj: 
condensers  which  are  more  or  less 
standard  for  German  army  receivers. 
I  Molded  bakelite  mica  insulation  con¬ 
densers  are  u.sed  in  transmitters  as 


and  jacks,  inductors,  condensers,  and  similar  iterhs.  It  is  being 


used  to  produce  war  material  exclusively. 


ASSEMBLERS 


a.  famous  name  in  ]Q.adio 


The  girls  of  Britain's  Auxiliary  Territorial 
Service  are  given  a  special  course  on 
the  assembling  of  radio  stotions  sets 
which  enables  them  to  take  over  duties 
at  Ordnance  Depots.  Irence  Dilloway 
and  Eve  Scott  are  shown  working  on 
radio  sets  which  transmit  and  receive 
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to  specifications 


Test  and  calibration  chambers  serve  such  diversified  needs  that  many  of  the  requirements 
of  instrument  manufacturers  can  be  met  only  by  specially  designed  units.  Within  the  scope  indi¬ 
cated,  we  can  build  equipment  to  your  individual  specifications.  All  MOBILE  units  incorporate  posi¬ 
tive  automatic  mechanical  means  of  refrigeration  and  control,  plus  an  indicating  recording  con¬ 
troller.  All  sizes  of  chambers  mentioned  refer  to  clear  inside  test  space. 


High  Altitude 
Development  Chambers 

100"  F  to  +180"  F. 


Temperature; 

Vacuum:  to  .5"  Hg  absolute. 

Time:  complete  cycle  within  90  minutes. 
Site:  minimum  ot  12"  x  12"  x  12"  to  any 
greater  capacity. 

Humidity:  20"/o  to  95"/o  R.  H.  manual  or 
automatic  control. 


Cold  Chambers 


Specifications  are  identical  with  those  listed 
for  altitude  chambers,  except  that  cold 
chambers  have  no  vacuum  provision. 


Hot  and  Cold  Bath 
Calibration  Stands 


Temperature:  — 85*  F.  to  +600"  F. 
Control:  constant  temperature  c  o  n  t  r  o 


Siie:  I  pint  to  50  gallons;  also  available 
with  multiple  vat  units. 

Automatic  mechanical  refrigeration  (no  dry 


Flight  Chambers 


Temperature:  to  — 100*  F,  with  or  without 
refrigeration. 

Vacuum:  to  80,000  ft.  with  automatic  con¬ 
trol  of  temperature  compared  to  pressure. 

Size:  6'  X  4'  X  4'  to  as  large  as  10'  x  10'  x  50'. 

Humidity:  manual  or  automatic  control  in 
range  between  20yo  H. 


Accessory  Instruments 

Special  Recording  Pyrometers 
Manometers  and  Altimeters 
Vertical  Speed  Indicators 
Oximeters 

Instrument  panels  and  switchboards 


Moy  we  assist  you  wifh  your  problem? 


630  FIFTH  AVENUE 


NEW  YORK,  N.  Y. 
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well  as  certain  very  compact  wi  c— 
paper  type. 

Tuning  condensers  are  usually  on- 
structed  of  die  cast  aluminum  all  )ys. 
The  rotor  plates  are  usually  die  *  ist, 
and  then  machined.  Frequently  Mey 
are  mounted  on  a  ceramic  si  aft. 
Stator  plate  assemblies  are  simil  irly 
made  and  clamped  on  ceramic  rods.  The 
complete  set  of  plates  is  fixed  by 
clamps  in  a  die  cast  box  which  coni  lins 
a  shield  between  adjacent  stator  sec¬ 
tions  which  is  integrally  cast  as  a  ))art 
of  the  box.  The  condensers  may  thus 
be  completely  shielded  by  mean-  of 
this  die  cast  box  and  the  lid  which 
screws  onto  it. 

In  many  of  the  condensers  the  manu¬ 
facturing  process  employed  is  one 
which  makes  for  mechanical  rigidity 
and  electrical  stability.  At  the  same 
time  the  production  operations  are  in¬ 
tricate  and  the  milling  operations  in¬ 
volved  result  in  a  waste  of  an  appre¬ 
ciable  amount  of  metal. 

An  interesting  condenser  of  unusual 
design  is  found  in  some  of  the  UHF 
transmitters.  Each  section  of  stator 
plate  consists  of  a  semi-circular  alloy 
block,  with  grooves  filled  out  to  ac¬ 
commodate  the  rotor  plate.  The  rotor 
plates  are  also  die  cast  and  machined, 
and  are  clamped  on  to  the  shaft.  The 
most  interesting  feature  of  design  i,< 
that  the  stator  sections  are  in  no  way 
mounted  on  the  chassis  of  the  trans¬ 
mitter  but  are  affixed  to  the  shaft. 
They  are  prevented  from  rotating  with 
the  shaft  by  the  retaining  arm,  one  end 
of  the  arm  being  fixed  to  the  stator  sec¬ 
tion,  the  other  end  to  the  shafting  of 
the  transmitter.  The  purpose  of  this 
design  is  to  insure  constant  juxtaposi¬ 
tion  of  the  rotor  and  the  stator  plates, 
should  the  long  ceramic  shaft  become 
warped.  In  such  an  event,  the  stator 
section  rides  with  the  rotor  being  free 
to  turn  with  respect  to  the  chassis.  The 
retaining  arm  is  constructed  to  act  as  a 
universal  joint  and  is  intended  only  to 
prevent  the  stator  section  from  rotat¬ 
ing,  leaving  it  free  to  twist  if  the 
shafts  twists. 

Normal  construction  is  used  in  some 
of  the  inductances  used  at  ultra-high 
frequencies.  A  ceramic  former  i  in. 
in  diameter  has  a  spiral  groove  on  its 
surface,  and  silver  is  deposited  into 
this  groove  to  form  a  winding,  the 
turns  of  which  have  considerable  width 
but  extremely  thin  depth.  The  silver 
appears  to  be  deposited  by  an  electro¬ 
lytic  method  rather  than  by  spraying 
and  by  means  of  this  construction  a 
high  degree  of  electrical  stability  and 
a  low  distributed  capacitance  between 
turns  is  possible. 


Variable  AIR 


Now  Available  in 

dREATLY  INCREASED  QUANTITY 


Production  on  B  &  W  Variable  Air  Condensers  has  now  been 
increased  to  a  point  where — well,  we  won't  make  any  rash 
promises  but.  chances  are,  your  order  backed  by  a  suitable 
priority  will  bring  the  shipment  ahurryin*.  And  remember;  B  &  W 

Variable  Condensers  are  de- 

_ _ _ _  signed  to  combine  maximum 

« AftS*  1  mechanical  ruggedness  with  elec- 
*,iB  1  trical  p)erformance  of  a  high  order 

odttc**  ®  '***'^'*•1  1  — factors  of  utmost  im- 

»  i  1  portance  on  today's  exacting 

\\»«  o'  lot  to  1  applications.  Literature  and  full 

1  details  upon  request.  Write,  wire. 


At  the  same  time  a 
large  surface  is  provided  for  the  con¬ 
ducting  of  ultra-high  frequency  cur¬ 
rent. 

One  German  transmitter  employs 
variometers  for  tuning  the  oscillator 
and  amplifier  circuit.  The  design  and 
construction  of  these  variometers  is 
such  that  the  curve  relating  angle  of 
the  rotor  with  frequency  of  the  circuit 
is  a  straight  line.  In  the  construction 
of  this  variometer,  two  coaxially 
mounted  cylindrical  formers  are  used, 
the  inner  one  revolving  about  a  com- 
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A  ROM  that  high  zesol'r*  was 
born  tho  Army-Nai^  Production  Award 
which  stands  today  as  our  fighting 
forcos*  joint  sooognition  of  azcop- 
i  tional  porformancs  on  the  pro* 
to  duetion  front  ...  of  the  deter-  j 
rained  perserering,  unbeat-  / 
able  spirit  which  can  be  / 

•  tok  satisfied  only  by  achieving  / 

*o<i*y  what  yesterday  / 

Vk  seemed  impossible!**  ’  / 

We*re  sin^rely  / 
P>oud  of  our  award  / 

—its  significance  / 

Wi.  will  always  be  j 
ySL  our  goal. 


mon  axis.  Each  coil  is  wound  on  a 
semi-cylindrical  surface  instead  )f 
being:  wound  around  the  whole  circu  n- 
ference  of  the  cylinder.  The  windir^s 
are  tapered  in  shape  and  are  stitch  d 
on  to  the  former.  While  this  method  if 
winding:  does  not  provide  as  large  a 
frequency  variation  as  the  conventioi  al 
method,  it  does  permit  uniform  or  1  n- 
ear  calibration  of  the  frequency  di.il. 

Piezoelectric  crystal  resonab  rs 
mounted  in  a  gas-filled  glass  enveh  iH- 
are  used  in  certain  German  field  trans¬ 
mitters  and  also  in  one  Italian  trans¬ 
mitter  as  a  calibration  check  devi  e. 
At  the  resonant  frequency  of  the  cr\s- 
tal,  the  crystal  is  subject  to  vibratnm 
which  in  turn  causes  the  atmosphere  of 
gas  to  become  ionized  and  produce  a 
visible  indication.  A  mark  on  the  tun¬ 
ing  dial  corresponds  to  the  frequency 
of  operation  of  the  crystal  and  when 
the  tuning  control  is  set  to  this  mark, 
the  crystal  should  glow  to  a  hole  in  the 
panel.  If  the  set  is  off  calibration,  the 
crystal  glow  will  occur  at  a  different 
dial  reading  which  indicates  that  the 
transmitter  requires  retrimming.  In 
one  case  three  such  crystals  are 
mounted  in  one  envelope,  and  are  con¬ 
nected  in  turn,  so  that  three  deck 
points  are  provided. 

Lieutenant  Hull  points  out  that  ap¬ 
paratus  made  in  1940  makes  use  of 
pressed  aluminum  sheets  instead  of 
castings  for  chassis  and  sub-assemblies 
in  some  cases.  This  receiver  is  not  as 
rigidly  constructed  as  the  earlier 
models  and  the  assembly  work  is  poorly 
carried  out. 

It  appears  evident  that  the  war  has 
stimulated  research  in  the  use  of  sub¬ 
stitute  material  in  Germany  since  ex¬ 
periments  have  been  carried  out  with 
a  view  to  employing  cardboard  coil 
cams  sprayed  with  metal  to  replace 
the  aluminum  coil  cam.  In  certain 
cases  metal  is  also  being  replaced  by 
laminated  plastics  and  ceramics. 


This  Japanese  short-wave  transmitter  was 
found  by  the  U.  S.  Marines  on  Guadalcanal 
in  the  Solomon  Islands  after  it  had  been 
abandoned  by  the  retreotinq  enemy  during 
the  early  stages  of  the  fighting 
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FOR  WCTORYIODAY 

HIIDSOUUSINESSTOMeRIIIIN 


Get  This  Flag  Flying  Now! 


This  War  Savings  Flag  which  flies  today 
over  companies,  large  and  small,  all  across 
the  land  means  business.  It  means,  first, 
that  10%  of  the  company’s  gross  pay  roll  is 
being  invested  in  War  Bonds  by  the  workers 
voluntarily. 

It  also  means  that  the  employees  of  all  these 
companies  are  doing  their  part  for  Victory 
.  ;  .  by  helping  to  buy  the  guns,  tanks,  and 
planes  that  America  and  her  allies  must  have 
to  win. 

It  means  that  billions  of  dollars  are  being 
diverted  from  “bidding”  for  the  constantly 
shrinking  stock  of  goods  available,  thus  put¬ 
ting  a  brake  on  inflation.  And  it  means  that 
billions  of  dollars  will  be  held  in  readiness 
for  post-war  readjustment. 


Save  With 


Think  what  10%  of  the  national  income, 
saved  in  War  Bonds  now,  month  after  month, 
can  buy  when  the  war  ends! 

For  Victory  today  . .  .  and  prosperity  tomor¬ 
row,  keep  the  War  Bond  Pay-roll  Savings 
Plan  rolling  in  your  firm.  Get  that  flag  fly¬ 
ing  now!  Your  State  War  Savings  Staff  Ad¬ 
ministrator  will  gladly  explain  how  you  may 
do  so. 

If  your  firm  has  not  already  installed  the  Pay¬ 
roll  Savings  Plan,  now  is  the  time  to  do  so. 
For  full  details,  plus  samples  of  result-getting 
literature  and  promotional  helps,  write  or 
wire:  War  Savings  Staff,  Section  F,  Treasury 
Department,  709  Twelfth  Street  NW., 
Washington,  D.  C. 


War  Savings  Bonds 


This  Space  Is  a  Contribution  to  America's  All-Out  War  Program  by 
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When  requirements  have  beer, 
brought  into  balance  with  supply  an<i 
the  program  of  the  various  claimant 
agencies  are  approved,  the  WPB  vice 
chairman  on  program  determination- 
who  also  is  chairman  of  the  require¬ 
ments  committee — will  allocate  witl 
the  advice  of  the  requirements  com¬ 
mittee,  authorized  quantities  of  the 
three  Controlled  Materials  to  each. 

The  claimant  agencies,  in  turn,  will 
distribute  these  broad  allotment^ 
among  prime  contractors  by  means  of 
“allotment  numbers,”  which  will  con¬ 
stitute  a  right  to  receive  delivery.  The 
prime  contractors  will  pass  on  the  al 
lotment  numbers  as  necessary  to  their 
subcontractors  and  suppliers. 


NEWS  OF  THE  INDUSTRY 


Elements  of  the  Controlled  Materials 
Plan  which  is  to  allocate  steel,  copper 
and  aluminum;  Harold  P.  Westman  leaves 
Institute  of  Radio  Engineers  for  American 
Standards  Association;  WPB,  FCC  actions 


NATIONAL  CONFERENCE  of  ELECTRON  MICROSCOPY  OFFICERS.  Uft 
to  right,  secretary-treasurer,  M.  Charles  Banca;  vice  president  Albert 
F.  Prebus;  director,  V.  K.  Zworykin;  president.  R.  Bowling  Barnes 
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IIS"  TOUGH  i  F£EX\Bli^J|l 
POlTSTmtt  SHEET 

m  IHSUlMWI*  POSSIBlllTIES 


Polyflex  has  “the  dielectric  strength  of 
on  excellent  grade  of  mica  and  the 
low  dielectric  loss  of  fused  quartz."  * 
(Excepting  flexibility,  oil  Polyflex 
characteristics  also  apply  to  Plox 
polystyrene  ports  described  at  right.) 


EQUALS  QUARTZ  and 
MICA  ELECTRICALLY 


REALLY  TOUGH  and 
FLEXIBLE 


To  polystyrene's  startling  electrical 
properties.  Polyflex  odds  tough  paper- 
flexibility,  adopting  it  to  wide  use  by 
condenser,  storage  battery,  coble  and 
other  manufacturers. 


PLAX  MACHINED 
POLYSTYRENE  PARTS 
ALSO  OPEN 
A  NEW  WORLD 


Engineers  ore  stimulated  (and  help¬ 
ed)  by  inspection  of  Plox  ports. 
From  sheets,  rods,  and  tubes,  Plox 
machines  special  and  standard  elec¬ 
tronic  parts  in  any  quantity,  to  any 
degree  of  accuracy  .  .  on  time. 
They  can  improve  every  segment  of 
any  circuit,  from  povver  supply  to 
antenna.  Please  ask  Plox  for  de¬ 
tails  today. 


UNAFFECTED  BY  WATER, 
ACIDS  OR  ALCOHOL 


Polyflex’s  "low  water  absorption  (.00) 
cannot  be  approached  by  any  other 
plastic  material."*  Weather,  acids, 
alkalis,  alcohol,  stack  gases,  etc.  .  . 
none  of  these  enemies  of  electrical 
equipment  affect  Polyflex. 


lUCTRICAL  PRORiRTieS 
OP  PLAX  POLYSTYRENP 

Arc  resistance  ( ASTMD  -  4V5  -  38  T ) 
sec  240-250.  Dielectric  strength, 
volts  mil : 


PRODUCED  TO  YOUR 
SPECIFICATIONS 


Tell  us  what  widths,  thicknesses,  and 
tolerances  interest  you.  Polyflex  is 
easy  to  handle  in  punching  and  stamp¬ 
ing  operations.  Samples  are  Immedi¬ 
ately  available.  Plax’s  exclusive 
Polyflex  production  is  readHy  adapt¬ 
able  to  your  needs.  Please  get  in  touch 
with  Plox  today. 

•Modern  Plastics,  Sept.,  1911 


.005"  thick  =  3500 
.010"  thick  =  2500 
.015"  thick  =  2200 
.125"  thick  =  500-700 


Frequency  Dielectric  Pawer 
Cycles  Canstant  Factor 

60  2  5-2.6  .0001.0002 

1,000  2.5-26  .0001.0002 

1,000,000  25-2.7  .0001.0004 
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The  American  broadcasting  industry  contributes  to 
America's  strength  by  keeping  the  people  informed, 
by  increasing  public  morale,  by  promoting  national 
unity.  It  is  a  heartwarming  fact  to  every  member  of 
the  Blaw-Knox  organization  that  more  than  70%  of 
the  towers  in  the  nation  are  Blaw-Knox  built. 


BLAW-KNOX  DIVISION  of  Blaw-Knox  Co. 

2077  Farmers  Bank  Bldg.  Pittsburgh,  Pa. 


BLAW-KNOX 


RADIATORS 

FM  AND  TELEVISION  TOWERS 


Westmaii  Leaves  IRE 

After  nearly  14  years  service  at  t  ie 
New  York  headquarters  offices  of  the 
Institute  of  Radio  Engineers,  Harc.ld 
Westman  resigned  on  December  15 
from  the  Institute  to  spend  full  tine 
with  the  War  Committee  on  Radio  of 
the  American  Standards  Association. 
Mr.  Westman  became  assistant  secre¬ 
tary  of  the  Institute  in  July  1929,  full 
secretary  in  February  1930.  During 
his  long  association  with  the  IRE  he 
has  been  very  actively  engaged  in  all  of 
the  standardization  activities  of  the 
organization  and  for  all  but  a  half  year 
of  this  connection  has  been  in  charge 
of  the  headquarters  offices.  Last 
March  he  was  temporarily  loaned  to 


ASA  on  a  part-time  basis,  becoming 
secretary  of  the  committee  which  has 
been  working  hard  to  effect  standard¬ 
ization  in  radio  components  as  a  war 
measure.  This  work  took  more  and 
more  of  his  time,  and  his  leaving  IRE 
for  ASA  enables  him  to  devote  his 
entire  time  and  energy  to  helping  “win 
the  war.” 


,  Scientific  Pcrsniinel 

i 

I  National  Roster  of  Scientific  and  Spe- 
I  cialized  Personnel,  War  Man  Power 
1  Commission,  now  has  on  record  the 
'  qualifications  of  approximately  550,- 
I  000  persons  in  more  than  60  specialized 
j  occupations.  These  fields  cover  every 
I  technical  activity  from  genetics  and 
geophysics  to  housing  and  radio  broad¬ 
casting.  This  roster  is  a  compilation 
of  the  nation’s  technical  manpower  re¬ 
sources,  for  such  use  as  the  war  emer¬ 
gency  may  require. 

The  Roster  is  now  urging  senior  and 
graduate  students  of  chemistry,  phys¬ 
ics,  engineering  and  other  specialized 
fields  to  register  their  skills.  Registra¬ 
tion  is  not  an  application  for  employ¬ 
ment;  and  it  is  highly  doubtful  if 
many  of  the  skilled  workers  whose 
names  are  in  this  national  pool  are 
out  of  jobs.  In  20  months,  140,000  men 
and  women  have  been  referred  from 
I  the  Roster  to  prospective  employers  of 
specialized  personnel,  particularly  for 
I  war  production  and  re.'search. 
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MANUFACTURERS  OF  A  COMPLETE  LINE  OF  RADIO  INDUSTRIAL  CAPACITORS  AND  KOOLOHM  RESISTORS 
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SPRAGUE 


HERMETICALLY  SEALED  METAL 
ENCASED. PAPER  TUBULARS 
TYPES  PX-24,  -24A,  and  -24 


BUILT  TO  DO  MICA  CAPACITOR  JOBS 

. . .  ofie/  clo  Ifietn  imU! 


Small — light  in  weight — hermetically  sealed, 
and  outstandingly  sturdy,  these  Sprague  Metal- 
Encased  Paper  Tubular  Capacitors  have  proved 
eminently  satisfactory  for  numerous  blocking 
and  by-pass  applications  previously  assigned  ex¬ 
clusively  to  molded  mica  units.  Not  only  is  this 
true  as  regards  less  critical  “mica  jobs,”  but  also 
on  more  exacting  applications  where  character¬ 
istics  such  as  temperature-insulation  resistance, 
voltage-capacitance,  or  temperature-capacitance 
are  important  considerations. 

There  remain,  of  course,  certain  applications 
where  mica  capacitors  should  still  be  used,  and 
Sprague  regularly  produces  large  quantities  of 
transmitting  mica  capacitors  in  a  complete  range 
of  types  and  sizes. 


Deliveries  of  both  types  are  obviously  depen¬ 
dent  on  prevailing  priorities.  Production  facili¬ 
ties — especially  on  the  Metal-Encased  Paper 
units — are  being  steadily  expanded,  and  Sprague 
engineers  will  gladly  cooperate  in  determining 
the  adaptability  of  these  Capacitors  to  your 
requirements. 

SPRAGUE  SPECIALTIES  COMPANY 

North  Adams,  Mass.  — 

1  ,"!'/•  mTsJ  "‘‘“‘I’ 


TELESCOPING 

and 

SECTIONAL 

ANTENNAE 

for 

MOBILE 

PORTABLE 

and 

FIXED  UNITS 

for  our 

ARMED  FORCES 


Ward  can  help  you  with 
your  antenna  problem 


WARD  PRODUCTS 

CORPORATION 

1523  East  45th  Street 
CLEVELAND,  OHIO 


War  Production  Board  Rulings 

All  supplies  of  tungsten  wire,  rod, 
sheet,  and  powder  were  placed  under 
complete  allocation  control  on  Nov.  27 
amending  Order-29  under  which  un¬ 
restricted  deliveries  of  up  to  25 
pounds  of  contained  tungsten  monthly 
were  permitted. 

On  Nov.  30  use  of  stainless  steel  in 
several  products  needed  by  the  armed 
forces  was  permitted.  Cable  boxes  and 
radio  antennas  were  among  the  list  of 
items  which  were  placed  on  the  exemp¬ 
tion  list.  It  is  expected  that  some  addi¬ 
tional  items  will  be  placed  on  the  per¬ 
mitted  list  as  a  result  of  further  study. 

Under  a  ruling  of  Nov.  7,  manufac¬ 
turers  who  customarily  serviced  radio 
receivers  with  replacement  parts  are 
enabled  to  continue  this  practice.  Un¬ 
der  an  earlier  ruling  manufacturers 
were  prohibited  from  making  and  de¬ 
livering  electronic  devices,  including 
tubes,  except  to  meet  ratings  of  A-3  or 
higher,  but  distributors  could  obtain 
replacement  parts  by  use  of  PD  1-X 
and  consumers  did  not  need  any  pref¬ 
erence  rating  to  get  these  parts  to  re¬ 
pair  receivers  or  home  electronic  equip¬ 
ment.  This  new  order  requires  that 
manufacturers  separate  their  distri¬ 
bution  business  from  manufacturing 
and  orders  manufacturers  to  keep  sep¬ 
arate  records  for  each  branch.  In 
transferring  such  parts  from  the  manu¬ 
facturing  to  the  distributing  branch, 
preference  ratings  must  be  obtained. 

On  January  1  repairs  and  replace¬ 
ments  for  broadcasters  will  secure  a 
rating  of  AA-1.  Plans  are  under  way 
to  provide  a  sufficient  tube-making 
program  to  keep  in  service  the  vast 
majority  of  the  nation’s  home  radio  re¬ 
ceivers,  according  to  reports  of  late 
November. 


Foreign  Patents  Reside  in 
Alien  Property  Custodian 

All  thansactions  between  private 
persons  or  companies  involving  U.  S. 
patents  and  copyrights  in  which  any 
foreign  country  or  foreign  national  has 
an  interest  now  are  subject  to  control 
by  Leo  T.  Crowley,  Alien  Property 
Custodian.  Heretofore,  this  control  has 
rested  in  the  Treasury  Department. 

All  patent  applications,  assignments, 
licenses,  and  other  agreements  affect¬ 
ing  foreign-owned  patents  are  included 
in  the  controls. 

The  Custodian  has  issued  three  gen¬ 
eral  orders  and  supplementary  regula¬ 
tions  setting  up  a  complete  regulatory 
system  for  transactions  that  are  sub¬ 
ject  to  his  control. 

Copies  of  the  Orders  may  be  ob¬ 
tained  from  the  Alien  Property  Cus¬ 
todian,  Washington,  New  York,  Chi¬ 
cago  and  San  Francisco.  Drawings 
and  specifications  of  foreign-owned 
patent  applications  seized  by  Mr. 
Crowley’s  office  will  be  printed  and 
made  available  to  American  industry 
at  a  nominal  price.  Printing  will  be¬ 
gin  during  December. 


War  and  Business 

Indicative  of  the  pace  of  war  pro¬ 
duction  is  the  fact  that  expendituri  i 
for  war  purposes  during  October  weie 
up  4.8  percent  (to  a  total  of  15,722,000,- 
000)  an  increase  of  1264,000,000  over 
the  previous  month,  compared  to  an 
increase  of  5.8  percent  amounting  to 
$300,000,000  in  September  over  Angus-. 

Since  Pearl  Harbor,  the  Army  and 
Navy  have  purchased  or  are  in  the 
process  of  purchasing,  land  tracts  from 
private  property  holders  equal  in  size 
to  the  combined  areas  of  Massachusetts, 
Connecticut,  Rhode  Island,  Delaware, 
the  District  of  Columbia  and  four-fifths 
of  New  Jersey.  At  the  rate  at  which 
requests  for  further  sites  are  being  re¬ 
ceived,  it  is  estimated  that  before  the 
war  is  over  some  30,000,000  acres,  the 
equivalent  of  the  entire  New  England 
group  of  states,  will  be  taken  over  by 
the  government.  So  far,  64,368  tracts 
have  already  been  acquired  and  57,000 
more  are  in  process  of  condemnation. 
The  121,368  thus  affected  embrace  12,- 
000,000  acres  which,  with  improve¬ 
ments,  are  valued  at  $284,000,000. 


Merger  of  Telegraph 
Companies  Approved  by 
Commerce  Committee 

On  November  25,  the  House  Interstate 
Commerce  Committee  approved  and  re¬ 
ported  out  the  Telegraph  Merger  Bill, 
with  permission  for  a  merger  of  in¬ 
ternational  cable  and  radio  telegraph 
companies  reinstated  in  the  legislation, 
also  a  consolidation  of  the  leading  do¬ 
mestic  wire  telegraph  companies.  This 
permission  was  regarded  as  a  notable 
victory  for  FCC-BWC  Chairman  James 
Lawrence  Fly,  who  had  been  the  most 
ardent  governmental  advocate  of  mer¬ 
ger  of  international  cable  and  radio 
telegraph  carriers.  The  Navy  Depart¬ 
ment  strongly  opposed  any  interna¬ 
tional  merger  during  the  war. 

The  Senate  Interstate  Commerce 
Committee  had  not  favored  the  interna¬ 
tional  merger  permission  because  of 
the  disapproval  of  the  Navy.  However, 
it  is  now  believed  that  some  compro¬ 
mise  between  the  two  Houses  will  be 
evolved.  A  possible  compromise,  pro¬ 
posed  by  one  of  the  international  car¬ 
riers  during  the  House  hearings  would 
give  the  State  Department,  the  Army 
and  the  Navy  veto  power  over  the  FCC 
findings. 

According  to  FCC  officials  there  are 
certain  definite  benefits  that  will  result 
from  the  proposed  legislation.  After 
this  war,  a  mqrger  will  probably  open 
new  use  for  frequencies  which  hereto¬ 
fore  have  been  part  of  the  point-to- 
point  radio  system.  There  will  be  more 
air  travel  and  other  increased  demands 
for  frequencies.  A  merger  would  lea<i 
to  improvements  and  progress  in  the 
domestic  field  as  competition  is  waste¬ 
ful  in  such  companies  as  these.  That 
there  would  be  better  service  at  a  lower 
cost  and  more  stability  of  employment, 
is  the  contention  of  the  advocates  of 
the  bill. 
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MUCNET  wire  HEaDQUaRTERS 


MTI  T  H  V  I  C  T  O  R  y  AT 


ALL  INSULATIONS. 

SILK  GLASS 

PAPER  COTTON 

{  NYLON  pdRMVAR  •, 

■  ENAMELED 

REA  MASNET  WIRE  COMPANY 

FORT  WAYNE.  INDIANA 


STAKE  THE  BEST  IS  HOME  TOO  COODI 


$115,000  for  Ideas 

During  the  first  10  months  of  l  *42, 
General  Electric  employees  were  jiaid 
$115,000  for  12,250  ideas  for  sa\ing 
materials  or  time  in  war  production. 
This  surpasses  by  a  wide  margin  the 
best  previous  annual  mark,  $104,000 
paid  for  all  suggestions  adopted  .lur¬ 
ing  the  full  year  of  1929.  Among  sug. 
gestions  were  those  by  a  carpenter  who 
devised  a  method  of  saving  647,000 
pounds  of  scarce  steel  (enough  to  make 
80,000  Garand  rifles),  an  Italian  welder 
whose  idea  will  save  3000  man-hi)ur$ 
per  month,  the  suggestion  of  a  radio 
test  man  for  an  improvement  in  as¬ 
sembling  radio  equipment  for  Army 
and  Navy  which  will  save  thousands  of 
man-hours  and  conserve  large  quan¬ 
tities  of  scarce  materials.  Several 
money-winning  suggestions  were  made 
by  women  factory  workers. 


T  HESE  widely  used  Resistors  ere  fevored 
■  beeeose  of  tkoir  noiseless  operetion  end 
durebility  end  beceuse  they  rotein  their 
vekies  end  oherectoristics  undor  extremes 
of  tomporetiire,  humidity  end  climetic 
ohen9os. 

STANDARD  RANGI 

1000  ohms  to  10  megohms. 

NOISE  TESTED 

At  sli9lit  edditionel  eost,  resistors  in  the 
Stenderd  Rengo  ero  supplied  with  oeeh  resis¬ 
tor  noise  tested  to  the  following  stenderd: 
“For  the  eenploto  oadie  fc^quMcy 
range,  rasisfers  shall  have  last  noita 
than  eerraspendt  to  a  chonga  af  ra> 
sistanen  of  1  part  In  1,000,000.” 

HIGH  VALUES 

15  megohms  to  1,000,000 
megohms. 


How  to  Ship 

Methods  of  protection  against  mois¬ 
ture  and  corrosion  of  machined  parts, 
assemblies  and  delicate  instruments 
are  outlined  in  a  guide  book  for  ship¬ 
pers  of  war  material  issued  by  the 
War  Department.  Emphasis  also  is 
placed  on  the  most  efficient  use  of  com¬ 
mon  types  of  containers,  the  techniques 
of  interior  packing,  bracing  and  block¬ 
ing  and  selection  of  the  type  of  pack¬ 
aging  which  will  afford  greatest  pro¬ 
tection  while  occupying  the  minimum 
of  shipboard  space.  The  publication  is 
indexed  and  illustrated.  It  may  be  ob¬ 
tained  from  the  office  of  the  Quarter¬ 
master  General,  Washington,  D.  C. 


Tube  Registry 

During  the  month  of  September  the 
following  new  tube  types  were  regis¬ 
tered  with  the  RMA  Data  Bureau: 
5R4GY,  full  wave  rectifier  with  a  rat¬ 
ing  of  2900  maximum  peak  inverse  vol¬ 
tage  and  a  maximum  peak  plate  cur¬ 
rent  of  650  ma.  Under  load,  the  condi¬ 
tions  recommended  are  as  follows: 
condenser-input  filter,  a-c  plate  vol¬ 
tage  per  plate  900  volts  rms,  output 
current,  150  ma 


choke-input  filter,  a-c 
plate  voltage  per  plate,  950  volts,  cur¬ 
rent  output,  175  ma. 

6J6,  miniature  double  triode,  with  a 
maximum  plate  voltage  rating  of  150 
volts,  1.5  watts  dissipation  per  plate. 
At  100  volts  on  the  plate,  cathode  bias 
resistor  of  50  ohms,  plate  current  of 
32  ma,  the  amplification  factor  is  32. 
the  plate  resistance  is  600( 
g„  is  5300  micromhos. 

6AG5,  pentode  voltage 


INSTANTANEOUS  ACTION 


Wh«n  a  precision  electrical  device  or  a  critical  process  is  powered  from 
an  AC  line,  a  Raytheon  Voltage  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effects  caused  by  AC  line  voltage  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three 
phase. 

Raytheon's  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  skill. 

Write  for  Bulletin  DL48-7I  JE  describing  Raytheon  Stabilizers. 


amplifier, 

heater  type.  Under  class  A,  amplifier 
conditions  the  following  typical  data 
holds:  plate  voltage,  250;  screen,  150; 
cathode  bias  resistor,  200  ohms;  plate 
resistance,  0.8  megohm;  g„,  5000  mi¬ 
cromhos,  plate  current,  7  ma. 

1C21,  gas  triode,  cold  cathode.  Peak 
anode  breakdown  voltage  (grid  tied  to 
cathode),  180  volts;  peak  positive  grid 
breakdown  voltage,  66  min.,  80  max.; 
d-c  anode  extinction  voltage,  73;  a-c 


RAYTHEON  MANUFACTURING  CO. 

100  Willow  Street  WALTHAM,  Massachusetts 
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Illustration  courtesy  o(  Curtiss  Wright  Corp. 


CONTINENTAL- DIAMOND 


Replacing  an  important  quantity  of  a 
strategic  metal,  the  DILECTO  radio  an¬ 
tenna  mast  illustrated  also  contributes 
importantly  to  our  war  effort  by  help¬ 
ing  insure  uninterrupted  radio  reception 
under  the  most  severe  and  adverse 
conditions. 

The  properties  of  Dilecto*  (Grade  C) 
which  make  this  antenna  mast  stand  the 
gaff  are; 


1  Great  physical  strength — 

Tensile  Strength  9,500  PSI 

Compressive  Strength  38,000  PSI 

2  Adaptability  of  design— Readily  molded 

or  machined. 

3  High  dielectric  properties —  1  50  VPM 

on  Vi"  thickness. 

4  NON-corrosive. 

5  Lightweight — Specific  gravity  1.36 — 

about  half  the  weight  of  aluminum, 
one-seventh  that  of  steel 

Again  a  C-D  replacement  material  has 
proved  to  be  a  BETTERMENT. 


Grade  C  DILECTO  i*  a  canvas  base  laminated  plastic,  one  of  many  DILECTO  Grades.  It  is  a  struc- 
torol  material.  Other  grades  excel  in  dielectric  properties;  chemicol  resistance;  low  dielectric  loss.  .  .  . 
41  gives  complete  technical  data  on  all  grades.  Send  for  a  copy. 


Established  1 895  .  .  Manufacturers  of  Laminated  Plastics  since  1911  NEWARK  •  DELAWARE  ^ 
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OU’LL  find  ev- 

^1  AUIKDOCk!*^  Sen^ 

y  ception,  reliability, 

durable  construction — in  all  these  essen¬ 
tials  MLIRDOCK  Radio  Phones  have  been 
tops  for  39  years. 

Today  these  unusual  phones  are  giving 
real  service  under  tough  conditions  of 
warfare,  and  in  all  uses  of  civilian  life. 

MURDOCK  Radio  Phones  are  light¬ 
weight,  comfortable  to  wear.  Precision- 
built  to  Government  specifications,  they 
give  years  of  top-notch  performance.  And 
they  are  moderately  priced.  Before  you 
buy  Radio  Phones  see  MURDOCK!  Send 
to  Dept.  56  for  New  Catalogue. 


THE 

EARS  OF 


NATION 


MURDOCK  MANUFACTURING  CO 
CHELSEA,  MASSACHUSETTS 


anode  extinction  voltage,  (60  cps,  rms), 
115;  anode  voltage  drop,  73  volts. 

OB3/VR90,  voltage  regulator  diode, 
cold  cathode,  glow  discharge.  Minimum 
starting  supply  voltage,  150  volts,  d.c., 
operating  voltage,  90  volts,  d.c.,  regula¬ 
tion  when  It  is  varied  from  10  to  30 
ma  =  8  volts. 

OD3/VR150.  Voltage  regulator,  cold 
cathode.  Minimum  starting  supply  vol¬ 
tage,  180,  d.c.,  operating  voltage,  150, 
d.c.,  regulation  between  /»  current 
"alues  of  5  and  40  ma  =  7.5  volts. 

6SR7GT,  double  diode-triode,  heater 
type. 

28D7,  double  beam  power  amplifier, 
heater  type.  Ef  =  28,  I,  =  0.4  amp; 
r,  =  3000  ohms,  3000  micromhos, 
peak  a-f  signal  voltage  =  4.9;  PO  = 
0.1  watts  at  7  percent  distortion. 

28Z5,  full-wave  rectifier,  high  va¬ 
cuum,  heater  type.  If  0.24  amps;  choke 
input  to  filter,  a-c  voltage  per  plate, 
450,  =  100  ma;  condenser  input,  a-c 

plate  voltage  =  325,  plate  current  = 
100  ma. 

The  following  tubes  are  all  full-wave 
gas  rectifiers,  with  filament  voltages 
of  2.5.  3B21,  argon,  graphite  anode. 
If  =  5.5  amp.  /»  (d.c.)  =  1  amp; 

9  to  12  volts;  E.ttrij  20  to  30  volts: 
E^„^,  500  volts  max. 

3B22,  Xenon,  tantalum  anodes,  /,  = 
6  amp;  /»  (d.c.)  =  1  amp;  B,,,,  =  8  to 

10  volts,  B.,.,,  =  12  to  15  volts;  B,„  = 
725  max. 

4B22,  argon  graphite  anodes,  7,  = 

12  amp;  heating  time  =  20  sec;  7^ 
(d.c.)  =  5  amp;  B*,,,  =  9  to  11  volts; 
Einr  =  340  volts  per  plate;  B,,„,  =  16 
to  25  volts. 

4B23,  argon,  graphite  anodes,  7,  = 
17  amp;  heating  time  =  2  min;  7^ 
(d.c.)  =  5  amp;  B^^.^  =  11  to  14  volts; 
B,„r  =  425  max;  B,,.„  =  20  to  50 
volts. 

4B24,  Xenon,  tantalum  anodes.  If  = 
11.5  amps;  heating  time  =  30  sec;  7» 
(d.c.)  =  2.5  amp;  B,„,,  =  725  volts; 

=  8  to  10  volts;  B,,„,  =  12  to  15 

volts. 

4B25,  Xenon,  tantalum  anodes,  If  = 
17  amp;  7»  =  6.4  amp;  B,„  =  725 
volts;  Etr,f.  =  8  to  10  volts;  B.,.,,  = 

13  to  18  volts. 

Women  Radio 
Operators  Wanted 

Radio  jobs  in  8  branches  of  the  gov¬ 
ernment  war  agencies  are  waiting  for 
women  who  know  enough  radio  theory 
and  the  code  to  pass  amateur  license 
examinations.  The  Civil  Aeronautics 
Administration  is  offering  a  6-months 
course  to  qualify  women  as  aircraft 
radio  personnel;  the  Army  Air  Forces 
uses  women  as  radio  instructors.  Sig¬ 
nal  Corps  laboratory  at  Fort  Mon¬ 
mouth,  N.  J.,  Navy  Radio  Section  of 
the  Bureau  of  Ships,  the  Naval  Ord¬ 
nance  Laboratory  and  the  Naval  Re¬ 
search  Laboratory  all  are  seeking 
women  for  radio  jobs.  Radiation 
Laboratory  at  MIT  is  seeking  quali¬ 
fied  women  as  laboratory  assistants. 
WAVES  and  WAACS  are  training 
women  in  radio  work. 


Inventions  by  Enlisted  Mer 

Army  Regulation  850-50  permits  en¬ 
listed  men  to  communicate  directly 
with  the  Chief  Signal  Officer  concern¬ 
ing  unpatented  inventions,  and  n  my 
enlisted  men  have  taken  advantage  of 
this  provision.  A  number  of  helpfn] 
suggestions  have  been  received  f -om 
enlisted  men,  and  in  some  cases  oew 
and  fundamental  principles  of  new  ma¬ 
chines  proposed  by  enlisted  men  have 
been  put  to  use. 

Even  in  the  major  comme’cial 
development  laboratories  employing 
trained  engineers  an  average  of  1  in- 
vention  adopted  for  every  10  proposed 
by  the  engineers  employed  is  a  good 
average.  The  percentage  of  good  in¬ 
ventions  proposed  by  enlisted  mer.  of 
course  falls  far  short  of  10  percent, 
but,  nevertheless,  in  aggregate  the 
suggestions  constitute  contributions  of 
value  to  the  war  effort. 

One  enlisted  man  recently  invented 
a  machine  which  has  been  adopted  and 
was  found  to  speed  up  certain  field 
operations  fourfold. 

A  number  of  suggestions  are  received 
for  slight  structural  changes  in  Signal 
Corps  apparatus,  and  in  some  instances 
these  suggestions  have  been  found 
helpful  during  redesign  of  the  equip¬ 
ment.  —  Information  Letter  No.  11, 
Office,  Chief  Signal  Officer. 


Training  in  Weather 
Forecasting 

The  War  Department  has  announced 
that  an  Army  Air  Forces  Weather 
Training  Center,  the  first  installation 
devoted  exclusively  to  this  type  of 
training,  will  be  opened  in  Grand 
Rapids,  Michigan. 

The  new  training  center  will  have 
a  capacity  of  5,000  students,  with  pro¬ 
visions  for  expansion  as  needs  arise. 
The  Commanding  Officer  is  Colonel 
Edward  C.  Black,  Air  Corps,  formerly 
commanding  officer  at  Sheppard  Field. 
Wichita  Falls,  Texas.  Weather  train¬ 
ing  will  be  under  the  direction  of 
Colonel  Don  McNeal,  Air  Corps,  one  of 
the  more  experienced  weathermen  in 
the  United  States  Army. 

The  following  types  of  weather 
technicians  will  be  trained  at  the 
Grand  Rapids  school:  weather  ob¬ 
servers,  weather  teletype  maintenance 
men,  weather  forecasters,  and  aviation 
meteorologists. 

In  the  past  all  Army  Air  Forces 
aviation  meteorologists  have  been 
trained  at  various  universities,  and 
other  weather  technicians  at  Chanute 
Field,  Rantoul,  Illinois.  The  training 
of  meteorologists  at  universities  will 
continue  as  the  demand  for  these 
specialists  will  not  be  met  by  the  in¬ 
creased  training  facilities  at  the  new 
establishment. 

It  is  expected  that  60  days  will  be 
required  to  adapt  the  facilities  for  oc¬ 
cupation.  The  first  classes  are  sched¬ 
uled  to  begin  soon  after  the  first  of 
the  year. 
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iithout  This  Mark 


Ihcrt  is  only  one  micro  switch — the  MK^RO  nC,H 
manufactured  by  this  company.  Vi’hen  you  buy  a  pre- 
ovion  snap-action  switch,  it  is  not  a  MIC'-RO  SWITCH 
I  nless  it  has  the  now  familiar  trademark  shown  on  the 
>ide  of  the  switch  as  illustrated  above. 

1  lie  MICRO  SVi'ITCH  is  thumb-size,  feather-light,  and 
«iperates  precisely  at  the  same  point  for  millions  of  oper- 
Htions  with  lightning-fast  contact  action.  It  is  accurately 
built  to  exact  standards  from  precisely  made  parts.  Its 
pirformance  characteristics  can  be  changed  to  meet 
functional  requirements.  It  can  be  furnished  with  many 
t'pes  of  actuating  mechanisms  and  protective  housings. 

1  Ik  micro  SVi'ITCH  is  the  only  precision  snap-action 
jultch  available  to  you  which  employs  the  principles  of 
divign  illustrated  above  and  described  below’. 

The  MICRO  SWITCH  principle  is  different.  It  involves 
rin  reverse  bends — no  buckling  “oilcan”  action.  The  long 
rn-  mber  of  the  one  piece,  three  bladed,  beryllium  copper 
K.if  spring  “B”  is  supported  in  cantilever  at  “A”.  The  two 
short  members  are  curved  in  compression  to  rest  in  the 
retches  at  “C.”  These  two  strut-like  springs  exert  an  up- 
v.i:d  force  to  hold  the  electrical  contacts  “E”  together 
svith  a  force  of  40  to  100  grams,  depending  on  the  type 
V  switch.  The  operating  force  applied  at  “D”  deflects  the 
Icnger  tension  member  downward  in  a  gentle  curve  until 
thi  upward  force  of  the  bowed  members  is  overcome 
»nd  the  contact  end  of  the  spring  moves  downward  with 
thv  sharp,  snap-action  which  makes  clean  cut  electrical 
Sk  tching.  The  distance  the  contacts  are  separated  is  con- 
ti  lied  to  suit  the  particular  problem  at  hand,  and  may  be 
3'  much  as  .0''0  inches  for  high  altitude  aircraft  use. 
Kemoval  of  the  force  at“D”allow  s  equally  fast  snap-return 


SEND  FOR  THESE  CATALOGS 

Your  up-to-the-minute  engineers  will  thank  you  for  keeping 
them  informed  about  the  Micro  Switch.  Send  for  os  many  of 
the  Handbook-Catalogs  illustrated  here  as  you  think  neces¬ 
sary.  No.  60  covers  Micro  Switches  in  general;  and  No.  70 
deals  with  specific  Micra  Switches  for  use  in  aircraft. 


is  a  trade  name  indicating  manufacture  by  Micro  Switch  Corporation 


It  Isn’t  a  Micro  Switch 


to  the  original  position... The  electrical  contact  moves  in  the  same 
direction  as  the  operating  force.  This  direct  action  not  only  pro¬ 
vides  accurate  performance,  time  after  time,  for  millions  of  oper¬ 
ations,  but  should  there  be  a  welding  or  sticking  of  contacts  due 
to  overload,  the  direct-acting  force  acts  as  insurance  to  break 
the  weld  and  to  put  the  switch  back  into  service. 

On  present  or  future  designs  it  will  pay  you  to  consider  the  many 
advantages  in  space  saving,  accuracy,  precision  performance, 
and  the  dependability  of  a  snap-action  switch.  But  w  hen  you  do, 
be  sure  that  you  select  a  MICRO  SWITCH  for  the  reasons 
enumerated  above.  Shown  below  are  typical  applications,  and 
the  two  catalogs  illustrated  in  the  lower  left  hand  corner  of 
these  pages  will  be  highly  advantageous  to  you  in  incorporating 
the  MK'RO  SVi'ITCH  into  your  design. 


How  and  For  What 
Micro  Switches  Are  Used 


mI’  .kow,  o 

*'»*»'*'  with  a 
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Manufactured  in  FREEPORT,  Illinois,  by  Micro  Switch  Corporation  ©waz 

cm:  43  East  Ohio  St.,  Chicago  •  11  Park  Placo,  Now  York  City  •  SaloM  and  Engineering  Oiticea:  Boston,  Hartford,  Loa  Angelea 


Instrument  Landing  System 
at  LaGiiardia  Field 

At  the  third  anniversary  of  he 
opening  of  LaGuardia  Field,  Dect  n- 
ber  2,  officials  of  the  Civil  Aeronaut  cs 
Administration  and  of  IT&T  denv  n- 
strated  the  new  airplane  radio  instru¬ 
ment  landing  system  now  installed  at 
this  important  eastern  airport. 

The  system,  installed  at  LaGuar  iia 
and  in  the  process  of  installation  at 
other  large  airports  of  the  country,  was 
developed  jointly  by  the  engineers  of 
the  C.A.A.  and  Federal  Telephone  and 
Radio  Corporation,  the  I.  T,  &  T.  man¬ 
ufacturing  subsidiary  in  the  United 
States,  which  manufactures  and  in¬ 
stalls  the  equipment  for  the  C.A.A. 

The  pilot  has  in  his  equipment  on 
the  instrument  panels  of  the  plane  a 
dial  indicator  and  two  small  electric 
lamps.  A  radio  transmitter  off  the  end 
of  the  runway  actuates  the  needle  of 
the  dial  indicator  in  the  airplane  by 
projecting  a  sharp  beam  of  radio  en¬ 
ergy  which  gives  the  exact  line  of  ap¬ 
proach  to  the  runway. 

When  the  pilot  flies  his  plane  so  that 
the  needle  of  the  indicator  is  on  the  ex¬ 
act  vertical,  the  airplane  is  headed  di¬ 
rectly  for  the  runway.  The  two  elec¬ 
tric  lamps  are  actuated  by  two  markei 
transmitters,  which  project  radio  en¬ 
ergy  straight  upward.  One  tells  the 
pilot  when  he  is  at  a  certain  definite 
point  several  miles  from  the  airport. 
There  he  checks  his  line-up  with  the 
runway  and  he  checks  his  altitude 
which  permits  him  to  gauge  the  correct 
line  of  descent  for  landing.  The  second 
marker  is  at  the  boundary  of  the  air¬ 
port  where  the  pilot  makes  his  final, 
quick  instrument  check. 


Quick  Delivery 

ON  CAPACITOBS! 


IsduBtrial  Cond*ns*r  Corp.  through 
a  B*w  distribution  plcm  •noblos  jou 
to  socuro  smaJJ  Jots  oi  condonssrs 
locallr.  Contact  tho  Industrial  Con- 
donssr  district  oiiico  noorost  you: 

AODSSSS  TILSSHONS  NO. 

Box  loss 

Oaliu,  Taxaa  Logan  S->SS5 

117  Water  St. 

Soeton,  Maas.  Hancock  0200 

1406  6.  Qrand  Av«. 

Loa  Ang*l«A,  Calif.  Aichmond  6161 

■ox  ia02 

Aaliovilla,  N.  C.  7146-J 

27  Park  Placa 

Wow  York*  N.  Y.  Aarclay  7*4677 

Rm.  220~Mo4ical 
Arts  RIdg. 

S4th  and  Broadway 

Kansas  City.  Mo.  Wostport  S323 

1466  Watorbury  Road 
Lakewood  (Cleveland), 

Ohio  Academy  4632 

2434  W.  22nd  6t. 

Minneapolis,  Minn.  Kenwood  2833 

1138  Lincoln  Tower 
Ft.  Wayne,  Ind.  Anthony  8276 

2016  Third  Ave. 

8eattle,  Wash.  8eneca  1068 

Luts  (Tampa).  Florida  66*144 
6432  Cass  Ave. 

Detroit,  Mich.  Madison  6300 

401  N.  Broad  8t. 

Philadelphia,  Pa.  Walnut  4163 

238  6th  St. 

San  Francisco,  Calif.  Market  4166 


ENGINEERS  ATTENTION!  Condensers  immediately  arailoble  from  distributor's 
stocks  meet  Army  and  Nary  requirements  .  •  .  Industrial  Condensers  are  speci- 
tied  where  precision  is  vital  .  .  .  Capacitors  to  ISO.OOO  volts— WRITE  FOR  COM¬ 
PLETE  WEW  CATALOG. 


1725  W.  North  Ave. 


Chicogo,  U.  S.  A.  IFV^ 

Maeefecterers  of  Qualify  Oil,  Was  asd  ileetrelytle  CapacHars 


FCC  Actions 

All  licensees  of  the  FCC  are  asked 
to  file  with  that  body  a  statement  giv¬ 
ing  the  amount  and  condition  of  all 
surplus  equipment  the  station  pos¬ 
sesses.  A  questionnaire  requires  such 
matters  as  size,  power,  frequency 
range,  type  of  emission,  whether  the 
item  is  new  or  used  and  if  the  latter 
an  estimate  of  its  serviceability.  The 
information  assembled  from  these  re¬ 
turned  questionnaires  will  be  analyzed, 
cataloged  and  published. 

Members  of  the  Armed  Forces  re¬ 
ceived  a  50  percent  reduction  in  do¬ 
mestic  telegraph  rates  in  .sending  and 
receiving  money  by  wire  on  December 
1  after  a  suggestion  by  the  FCC  to 
Western  Union  and  Postal.  Reductions 
had  already  been  in  effect  on  money 
cables  to  and  from  the  expeditionary 
forces. 

Conditions  under  which  stations  of 
the  War  Emergency  Radio  Service 
may  communicate  with  each  other 
have  been  outlined  by  the  FCC.  On 
Wednesdays  from  10  to  12  PM  and 
on  Sundays  from  5  to  7  PM  these  sta¬ 
tions  may  test.  Each  time  zone  west 
of  Eastern  may  test  one  hour  earlier 
than  the  times  given  above. 
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Theory  and  Praefiee 
"Connect"  .  .  .  in  .  .  . 


COMMUNICATION 
CIRCUITS 

by  LAWRENCE  A.  WARE,  Asso¬ 
ciate  Professor  of  Electrical  Engi¬ 
neering,  and  HENRY  R.  REED, 
Professor  of  Electrical  Engineering; 
both  at  The  State  University  of 
Iowa. 

Here  is  ONE  book  that  clearly  and 
comprehensively  presents  the  rela¬ 
tion  between  the  theory  of  commu¬ 
nication  and  its  practice.  A  concise, 
authoritative  introduction  gives  the  j  | 
principles  of  communication  trans¬ 
mission  lines  and  their  associated 
networks  and  attention  is  concen¬ 
trated  on  the  essentials  of  transmis¬ 
sion,  Logical  steps  then  lead  grad¬ 
ually  up  to  a  discussion  of  filters, 
impedance  matching,  wave  guides, 
etc. 

An  introduction  to  the  use  of  Max¬ 
well’s  equations  and  Bessel  functions 
is  offered,  and  numerous  illustrative 
examples  are  given  throughout  and 
at  the  end  of  the  book.  A  knowledge 
of  calculus  and  the  elements  of  alter¬ 
nating  current  theory  are  prerequi¬ 
sites  to  a  thorough  understanding  of 
the  subjects  discussed. 

287  Pages  116  Illustrations  6x9 

$3.50 

JOHN  WILEY  &  SONS.  INC. 

ON  APPROVAL  COUPON 

John  Wiley  &  Sons,  Inc. 

440  Fourth  Avenue,  New  York,  N,  Y. 

Please  send  me  a  copy  of  Ware  ant  Reed's 
COMMUNICATION  CIRCUITS  on  ten  days'  ap¬ 
proval.  At  the  end  of  that  time,  if  I  decide  to 
keep  the  book.  I  will  remit  $3.50  plus  postage: 
otherwise  1  will  return  the  book  postpaid. 

Name  . 

Address  . 

City  and  State . 

Employed  by . E.  1-43 


!  War  Emergency 
I  Radio  Service 

Method  of  operating  the  tri-part  plan 
for  a  district  warning  area  as  provided 
under  the  WERS.  For  data  on  this 
set-up  see  Washington  Feedback,  page 
53  this  issue. 


From  the  Industrial  Front 

The  offices  and  factory  of  Kurman 
Electric  Co.,  manufacturers  of  relays, 
have  been  moved  from  New  York  City 
to  30-30  Northern  Blvd.,  Long  Island 
City,  N.  Y. 

Eicor,  Inc.,  manufacturers  of  rotary 
electrical  apparatus,  announced  they 
are  moving  to  a  new  DPC  building  at 
1501  West  Congress  St.,  Chicago. 

Sound  Apparatus  Company,  150  West 
46th  Street,  New  York  City,  has  just 
celebrated  its  10th  anniversary.  The 
company  manufactures  automatic 
high  speed  power  level  recorders  and 
automatic  frequency  response  record¬ 
ing  equipment. 

With  construction  completed  well 
ahead  of  schedule,  the  new  Pennsyl¬ 
vania  plant  of  the  National  Union 
Radio  Corporation  was  formally  opened 
with  impressive  ceremonies  in  which 
Army  and  Navy  officers  participated. 
The  new  plant,  representing  the  most 
advanced  design  and  construction,  is 
40,000  square  feet  in  area.  Included 
in  it  are  offices,  laboratories,  and  com¬ 
plete  manufacturing  facilities.  All  ac¬ 
tivities  are  carried  out  on  a  single 
level. 

At  a  banquet  and  celebration,  held 
November  24th,  at  the  Standard  Club, 
Chicago,  Standard  Transformer  Cor¬ 
poration  acted  as  host  to  105  of  its 
employees  who  have  served  the  cor¬ 
poration  for  five  years  or  more.  The 
event  inaugurated  the  presentation  of 
honor  awards  to  members  of  the 
Stancor  family.  The  honor  awards 
were  silver  emblems  for  those  who 
had  served  five  to  nine  years,  and  gold 
emblems  for  those  who  had  served  the 
company  continuously  for  ten  years  or 
more. 


Talent  Search  Aids 
Careers  in  Science 

The  second  science  talent  search  is 
now  being  conducted  among  the  ccan- 
try's  1,650,000  high  school  seniors,  [’he 
first  talent  search  was  conducted  last 
Spring  and  now  nineteen  boys  and 
girls  are  being  aided  in  prepai  inu 
themselves  for  careers  as  future  si'ien- 
tists.  Westinghouse  Science  Scholar¬ 
ships  ranging  in  value  from  $200  to 
$2,400  were  awarded  to  the  twenty  top- 
ranking  entrants  in  the  first  annual 
science  talent  search,  sponsored  by 
Science  Clubs  of  America  and  Science 
Service.  One  of  the  recipients  of  the 
Westinghouse  award  was  John  W. 
Michener  of  Pittsburgh  whose  know¬ 
ledge  of  radio  has  already  been  put  to 
work  in  an  assignment  which  he  re¬ 
ceived  from  the  Navy  Department  to 
do  confidential  radio  research  last  sum¬ 
mer.  He  completed  the  assignment  and 
is  now  enrolled  at  Carnegie  Institute 
of  Technology. 


New  Plastic  for 
Telephone  Manufacture 

Lignin  is  the  name  of  a  new  plastic 
fibre  developed  by  Western  Electric 
engineers  to  take  the  place  of  phenol 
fibre  in  many  applications.  This  new- 
insulating  material  was  developed  in 
cooperation  with  chemists  from  the 
paper  industry.  The  word  lignin  come 
from  the  Latin  expression  “lignum” 
meaning  wood.  The  development  of 
lignin  came  about  when  chemists  dis¬ 
covered  that  a  very  tasty  vanilla  ex¬ 
tract  could  be  manufactured  from  the 
sulphite  water  waste  pollution  of  the 
nation’s  waterways.  When  lignin 
paper  sheets  comes  to  Western  Elec¬ 
tric,  they  are  conditioned  to  a  definite 
moisture  content,  heated  and  sub¬ 
jected  to  high  pressures,  yielding  a 
tough  fibre  board  which  compares  in 
strength  to  steel.  Lignin  fibre  possesses 
good  electrical  characteristics,  is  less 
corrosive  than  phenol  fibre,  and  i.s 
readily  punchable  and  has  many  of  the 
other  properties  of  phenol  fibre  board. 
Without  this  product  of  engineerinj: 
ingenuity,  the  shortage  of  phenol  fibre 
might  have  put  a  serious  crimp  in  WE 
operations  involving  this  insulating 
material. 


Repairs  for  Radios 

Through  a  committee  of  the  American 
Standards  Association,  a  program  of 
standardization  and  simplification  of 
radio  replacement  parts  has  been  un¬ 
dertaken,  A  preliminary  job  of  the 
committee  will  be  to  specify  a  line 
of  Victory  parts  which  will  fit  most 
radio  sets  in  use.  Dimensions,  electrical 
performance  and  other  essential  fea¬ 
tures  will  be  standardized.  Simplifica¬ 
tion  of  the  replacements  parts  lines 
will  be  another  important  phase  of  the 
committee’s  work.  Thus  the  number 
of  different  volume  controls,  replace¬ 
ment  condensers,  etc.,  will  be  mate- 
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PARKER'K4L0N 

SEIF-TAPPINO  SCREWS 


to  War  Assemblies 


MACHINE  SCREW 
IN  TAPPED  HOLE 


5K  —  "Why  Can't  If  Be  Done  the  Simple  Way  . . . 
ith  time-saving  P-K  Self -tapping  Screws?" 

I  liat  ({uestion  is  stuiulurd  practise  with  humlreds  of  engineers  and  pro- 
dioii  men  wlio  are  trying  to  conserve  vital  time  ami  labor.  They  put  it 
tliemselves.  and  to  their  associates  .  .  •  not  only  at  the  drafting  hoard 
It  also  on  the  production  line. 

I  liey  don't  expect  Parker-Kalon  Self-tapping  Screws  to  he  the  best  means 
making  P2\  FRY  fastening  under  ALL  conditions.  But  they  know  that. 
I  a  very  larne  pvrcvnlage  of  metal  ami  plastic  fastening  jobs,  these  Screws 
fer  a  coinhination  of  ease,  speetl  and  real  security  that  no  other  fastening 
■\ice  or  method  can  match! 


Call  in  a  P-K  Assembly  Engineer  to  check  over 
fastening  jobs  with  you.  lie  can  show  you  how  to 
search  out  ALL  opportunities  to  apply  P-K  Self-tap¬ 
ping  Screws.  And. he'll  recommend  them  only  when 
they  w  ill  do  the  job  better  and  faster.  If  you  prefer, 
mail  in  assemhlv  details  for  recommendations. 


Change  to  Self-tapping  Screws  Over  Night  .  .  . 

No  matter  what  material  you’re  working  w  ith  . . . 
light  or  heavy  steel,  cast  iron,  aluminum,  brass, 
plastics  .  . .  you  can  adopt  P-K  Self-tapping  Screws 
to  advantage.  And  you  can  make  the  change-oxer 
without  interrupting  production.  No  special  tools 
or  skilled  help  are  recpiired.  Parker-Kalon  Corp., 
192-194  Varick  Street,  New  \ork,  N. 


NEW  Bhtk 

Polymerizing  Varnish 


Not  only  does  SYNTHITE 
PX-5  Black  Baking  Varnish  cut 
baking  time  to  a  minimum  but  it 
also  provides  better  insulation 
with  less  coats. 

Curing  by  heat  through  chem¬ 
ical  polymerization,  this  varnish 
will  dry  even  in  the  deepest  in¬ 
terstices  of  large  coils.  Then  too, 
shorter  baking  will  permit  flexi¬ 
bility,  yet  cure  the  varnish  evenly 
throughout.  SYNTHITE  PX-5 
Black  Baking  Varnish  possesses 
the  essential  bonding  properties 
which  will  hold  windings  intact 
under  the  centrifugal  force  pro¬ 
duced  by  high  speed  motors.  It 
is  ideally  suited  for  use  on  the 
modern  types  of  enamelled  mag¬ 
net  wire  and  Class  B  insulation. 
This  material  affords  maximum 
resistance  to  acids  and  alkalies 
and  can  withstand  high  tempera¬ 
tures.  It  can  be  applied  on  all 
types  of  electrical  units  and  can 
be  baked  out  by  infra-red  equip¬ 
ment  or  the  conventional  baking 
oven.  Write  for  specifications. 


JOHN  C.  DOLPH  COMPANY 


Imulilint  Vtrni%h  Sp«ci</i>l> 

169.A  Emmef  Sf.,  Newark,  New  Jersey 
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i  rially  reduced,  thereby  limiting  the  dif- 
I  ferent  models  that  must  be  manufac- 
,  tured  and  stocked. 

I  Members  of  the  committee  are  O.  H. 

!  Caldwell,  Caldwell-Clements  Inc.,  Chair¬ 
man;  John  Borst,  John  F.  Rider  Pub- 
I  Usher,  Inc.;  M.  M.  Brandon,  Under- 
I  writers’  Laboratories,  Inc.;  J.  D.  Fil- 
gate,  Hazeltine  Service  Corp.;  Garrard 
Mountjoy,  RCA  License  Laboratory; 
M.  J.  Schinke,  Radio  Manufacturers 
Assn.,  with  P.  R.  Butler,  also  of  the 
RMA,  alternate;  K.  S.  Geiges,  of  the 
Simplification  Branch,  WPB;  E.  A. 
Graham,  Head  of  the  Consumer  Dur- 
I  able  Goods  Section,  Standards  Division, 
1  OPA;  Frank  McIntosh,  Radio  and 
i  Radar  Branch,  WPB,  with  Samuel 
j  Weisbruth  of  the  WPB,  alternate;  and 
j  George  F.  DuVal,  president.  Radio 
j  Servicemen  of  America,  with  Arthur 
E.  Rhine,  alternate. 

WPB  had  previously  determined  to 
produce  110  types  of  replacement  radio 
tubes  as  a  Victory  model  line  for  the 
duration.  This  reduced  the  number  of 
types  to  be  produced  from  350  currently 
made  and  from  700  types  produced  in 
j  pre-war  days. 


Personnel 

Irving  Berkman  has  been  appointed 
manager  of  priorities  and  expediting 
for  the  Radio  City  Products  Co.,  Inc., 
New  York  City,  manufacturers  of 
electrical  and  electronic  test  instru¬ 
ments. 

Dr.  Ralph  L.  Power,  Los  Angeles 
radio  counsellor  and  advertising  man¬ 
ager  of  the  Universal  Microphone  Co., 
Inglewood,  Cal.,  warrant  officer  over¬ 
seas  in  World  War  I,  has  become  an 
inspector  in  the  U.  S.  Army  Signal 
Corps  with  assignment  to  a  field  unit 
in  the  west. 

George  Harrington,  formerly  field 
engineer  with  Lord  Mfg.  Co.,  Chicago, 
is  now  a  Lieutenant  in  the  Navy  and 
is  stationed  at  the  U.  S.  Navy  Bureau 
of  Aeronautics,  Washington,  D.  C.  Lt. 
Harrington  is  being  replaced  at  Lord 
Mfg.  Co.  by  Gordon  E.  Graver,  who 
was  formerly  connected  with  American 
Seating  Co. 

Frederick  Van  Voorhees  Lindsey, 
Vice  President  and  General  Sales 
Manager  of  the  Driver-Harris  Com¬ 
pany,  Harrison,  N.  J.,  manufacturer  of 
special  alloys,  died  November  16th, 
1942.  after  a  brief  illness. 

Emerson  Markham,  in  charge  of 
farm  and  science  broadcasting  for  Gen¬ 
eral  Electric,  has  also  been  appointed 
manager  of  the  FM  radio  station 
W85A.  Mr.  Markham  succeeds  John  R. 
Sheehan  who  has  assumed  duties  with 
the  Office  of  War  Information  in  New 
York. 

Ralph  C.  Stuart  is  now  manager  of 
manufacturing  to  .supervise  production 
at  five  plants  of  the  Lamp  Division  of 
the  Westinghouse  Electric  and  Manu¬ 
facturing  Company,  Bloomfield,  N.  J. 


Mr.  Stuart  will  be  in  charge  of  tie 
manufacture  of  all  incandescent  and 
fluorescent  lamps  made  by  Westing, 
house.  He  will  also  supervise  the  Lamp 
Division’s  war  production  which  in- 
eludes  radio  transmitting  tubes,  x-r;’.y 
tubes,  and  special  electronics  devicc  .s. 

Mr.  J.  A.  McCaffry  has  been  ap¬ 
pointed  technical  sales  representative 
of  Rowe  Radio  Research  laboratc'  y 
for  the  Detroit  area  and  State  of 
Michigan. 


Silver  Substitutes  for  Copper 

In  ten  war  plants  now  being  built, 
24,000,000  pounds  of  copper  are  being 
saved  by  substituting  silver  in  electric 
conductors  according  to  the  Washing, 
ton  War  Review  of  the  Chamber  of 
Commerce  of  the  United  States. 


Laboratory  Equipment 
Control 

On  Decembe:r  5  additional  control  over 
purchases  of  laboratory  equipment  was 
put  into  effect  by  WPB.  The  amended 
order  provides  that  no  purchase  of 
laboratory  apparatus  shall  be  permit¬ 
ted  for  more  than  $50  unless  an  author¬ 
ization  is  secured  from  the  Director 
General  for  Operations. 


1 .  '» 


Aluminum  Company  of  America 
Niagara  Falls,  N.  Y. 

Bliley  Electric  Co. 

Erie,  Pa. 

Connecticut  Telephone  &  Electric 
Co. 

Meriden,  Conn. 

Ferris  Instrument  Corp. 

Boonton,  N.  J. 

OWENS-CORNING  FIBERGLASS  CORP. 
Newark,  Ohio  and  Ashton,  R.  1. 

Simplex  Radio 
Sandusky,  Ohio 
Zenith  Radio  Corp. 

Chicago,  111. 
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For  Positive 
Snap-Acting 
Performance 


Typ«  C4351  Sariat 

Utad  for  Tuba  Warming 

Tuba  Cooling,  and  High  Limit  Controls 


Typo  03120  ^ 

Crystal  Daw  Point  Control 


KLIXON  ^ 

Disc-Operated 

CONTROLS 


Typa  PM 

(NAF-1131)  Circuit  Oraokar 


Typo  C-6363 
Switch  Circuit  iroakor 


Typa  C2S51  Sarios,  Usad  os 
Roughing  Controls  on  Outar 
Crystal  Ovons  y 


Typa  IR  SiRltS  Ambiant 
^  Compansotad  Tima 
Dolay  Ralays 


Typa  RT  Adjustabla 
Crystal  Tamp.  Ovan  Control 
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Wliptlier  you  want  motor  ami  transformer 
overlieat  protection,  or  electrical  circuit  over¬ 
load  protection,  or  temperature  control,  or  con¬ 
trols  for  radio  eipiipment,  the  surest,  simplest, 
and  most  positive-actiiifi  controls  you  can  net 
are  Klixon  Snap-Actinn  t  hermostats.  Operated 
by  a  small,  snap-actinn  thermostatic  disc,  these 
thermostats  eliminate  many  troul)les  common 
to  more  complicated  and  more  fussy  contnds. 
liecauseof  the  snap-actinn  disc,  Klixon  Ther¬ 


mostats  are  not  alVected  hy  sluK’k,  vibration, 
altitude  or  position  of  mountinj;.  Moreover,  they 
are  small,  compact,  li^ht  weight,  low  cost,  yet 
runn^^l  in  construction  and  capable  of  handlinn 
heavy  duty  electrical  loads. 

See  what  our  standard  controls  can  do  for  you 
—  or  let  our  enniueerinn  department  work  out 
the  solutions  to  your  problems. 


Spencer  Thermostat  Co 


V 


i 


’  i 


NEW  PRODUCTS 


Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  measuring  equipment ;  issue  new 
technical  bulletins,  new  catalogs.  Each 
month  descriptions  of  these  new  items 
will  be  found  here 


modulating  signal  generators  and  test 
oscillators.  The  oscillator  can  be  used 
on  either  balanced  or  unbalanced  sys¬ 
tems. 

Constant  output,  low  distortion,  and 
a  high  degree  of  frequency  stability  art. 


Oscillator  Typo  913-A 


New  Instruments  From 
General  Radio 

Two  New  Instruments  available  from 
General  Radio  Co.,  30  State  Street, 
Cambridge,  Mass.,  include  a  standard- 
signal  generator  and  a  beat-frequency 
oscillator. 

Type  805-A  standard-signal  genera¬ 
tor  is  a  new  instrument  which  is  de¬ 
signed  to  meet  the  need  for  an  all¬ 
purpose  amplitude-modulated  sig^nal 


Generator  Type  805-A 


generator  in  the  frequency  range  up 'to 
60  Me  for  testing  both  high-fidelity 
broadcast  receivers  and  specialized 
military  types  with  the  precision  and 
performance  required  for  laboratory 
measurements  and  the  convenience  and 
speed  of  operation  necessary  for  pro¬ 
duction  use.  The  frequency  range  of 
16  kc  to  50  Me  is  covered  in  seven 
ranges,  direct-reading  to  an  accuracy 
of  1  percent.  A  slow-motion  drive  is 
provided,  with  a  dial  which  indicates 
freguency  increments  as  small  as  0.01 
percent. 

The  output  voltage  at  the  end  of  a 
75-ohm  cable  is  continuously  adjustable 
from  0.1  microvolt  to  2  volts,  and  is  in¬ 
dicated  directly  by  a  panel  meter  and 
a  multiplier  switch.  The  cable  is  termin¬ 
ated  in  its  characteristic  75-ohm  im¬ 
pedance,  so  that  the  generator  im¬ 
pedance  as  seen  by  the  device  under 
test  is  37.5  ohms.  This  impedance  is 
constant  for  all  output  voltage  settings. 
Modulation  is  continuously  variable 
from  0  to  100  percent,  and  is  indicated 
by  a  panel  meter.  Internal  modulation 
is  available  at  400  cps  and  1000  cps. 
External  modulation  can  also  be  used. 
The  envelope  distortion  is  less  than  5 
percent  at  a  modulation  level  of  80  per¬ 


cent  and  a  carrier  frequency  of  1  Me. 
Carrier  noise  level  is  at  least  40  db  be¬ 
low  80  percent  modulation.  Frequency 
modulation  and  stray  fields  are  neglig¬ 
ible.  The  generator  operates  from  the  a-c 
power  line,  115  or  230  volts,  40  to  60 
cps.  The  internal  jwwer  supply  is  volt¬ 
age  regulated.  Power  input  is  180 
watts,  maximum.  The  overall  dimen¬ 
sions  are  16  x  33  x  12  inches,  and  the 
net  weight  is  approximately  120 
pounds.  Price:  $850.00,  f.o.b.,  Cam¬ 
bridge. 

Type  913-A  beat-frequency  oscillator 
is  a  general-purpose  instrument  useful 
as  a  power  source  for  tests  on  audio¬ 
frequency  lines  and  associated  net¬ 
works.  It  is  also  a  suitable  voltage 
source  for  bridge  measurements  and  for 


a  few  of  the  features.  The  output  is 
0.3  watt  maximum.  Output  impedance 
is  550  ohms,  so  that  the  ascillator  can 
be  used  with  either  500  or  600-ohni 
lines.  Open-circuit  output  voltage  is 
25  volts.  For  a  matched  resistive  load, 
the  output  voltage  varies  by  less  than 
0.25  db  between  20  and  20,000  cps.  With 
a  matched  load,  total  distortion  is  0.2 
percent  between  150  and  7000  cps;  at 
50  cps  it  is  about  2  percent.  Power  line 
hum  voltage  is  less  than  0.05  percent  on 
a  60-cps  line,  and  less  than  0.1  percent 
on  a  42  cps  line.  The  voltage-regulated 
a-c  power  supply  operates  from  a  115 
or  230-volt  power  line,  40  to  60  cps. 
The  oscillator  can  be  used  for  either 
relay-rack  or  table  mounting.  Dimen¬ 
sions  are  193  x  14i  x  7i  inches,  and  net 
weight  is  35  pounds.  Price:  $260.00. 


TRANSPARENT  PLASTIC  SHIELDS 
FOR  MACHINES  AND  LATHES 


Use  of  transparent  Lumarith  plastic  shields  on  automatic  screw  machines  and 
turret  lathes  is  conserving  oil.  Without  guards,  hot  oil  sprays  everywhere — 
clothing,  walls  and  floors  boards.  Since  Lumarith  is  crystal  clear,  the  operator 
can  observe  the  performance  with  the  same  vigilance  as  if  the  guard  were 

not  there 
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Solenoid  Contactor  Aircraft 
I  nits 

Five  Types  of  approved  solenoid  con¬ 
tactor  units  built  to  U.S.  Army  Air 
Force  specification  are  available  for  re¬ 
mote  control  of  electrically  actuated 
aircraft  armaments,  instruments  and 
devices.  The  manufacturer  states  these 
units  resist  acceleration  and  vibration 
over  ten  times  gravity.  Metal  parts  are 
plated  to  withstand  200-hour  salt  spray 
test.  Types  B-5  and  B-4  both  operate 
in  any  position  and  may  be  disassem¬ 
bled  with  pliers  or  screwdriver. 


Contactor  Unit  Type  B-4 

Type  B-4  was  originally  designed  for 
airplane  starting  motors,  but  may  be 
used  for  other  applications  of  heavy 
current  control.  It  operates  on  24  volts, 
producing  a  coil  current  of  300  milli- 
amps.  Contacts  are  rated  at  200  amps 
at  24  volts  d.c.  The  unit  has  double 
pole,  single  throw,  normally  open  con¬ 
tacts.  The  weight  of  the  unit  is  31 
ounces. 


( Mlicial 
U.  S.  Navy 
photograph 


Custom  Designed 
TRANSFORMERS 


well  as  the  ships 
mh  they  serve 


Custom  Built  Transformers  that  meet  the  rigid  requirements 
of  the  United  States  Navy  hove  reached  a  new  high  in 
efficient  design,  sturdy  construction  and  operating  accuracy. 

Waterproof-Hermetically  Sealed  Transformers,  built  to  these 
specifications  by  the  Chicago  Transformer  Corporation,  not 
only  pass  the  Navy  Five- Cycle  Salt  Water  Immersion  Test 
but  also  other  severe  operating,  temperature  and  pressure 
tests  set  up  in  our  own  laboratories. 


Contactor  Unit  Type  B-5 

Type  B-5  series  has  a  contact  rating 
of  50  amps  continuous  and  operates  on 
24  volts,  d.c.,  producing  a  coil  current 
ol  210  milliamps.  It  has  a  double  pole, 
'ingle  throw,  normally  open  contacts, 
and  weighs  11.2  ounces.  It  can  be 
adapted  for  numerous  applications  of 
heavy  current  control  in  aircraft  and 
other  products. 

Type  B-2-A  relay  is  designed  for  re¬ 
mote  control  of  aircraft  electrical  cir¬ 
cuits  as  well  as  other  applications.  The 
unit  has  a  contact  rating  of  25  amps 
continuous  and  100  amps  surge  at  24 
volts,  d.c.  It  has  single  pole,  single 
throw,  normally  open  contacts  and 
weighs  6  ounces. 

Types  A-3  is  also  for  remote  control 


Manufacturers  of  all  types  of  Transformers  up  to  10  KVA 
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of  starting  motors  and  other  heavy  cur¬ 
rent  control  applications.  It  is  similar 
to  Type  B-4  except  that  the  coil  is  rat<?d 
for  12  volts  operation.  Contact  rating 
is  200  amps  continuous,  and  800  amjjs, 
surge. 


THERMOSTATIC  BI-METALS 


ELECTRICAL  CONTACTS 


Dryers  or  Dive  Bombers 


Type  B-6  is  for  use  in  aircraft  for 
remote  control  of  electrically  operated 
devices.  Contact  rating  is  100  amps 
continuous  and  400  amps  surge. 

Type  B-7  is  for  remotely  making  and 
breaking  electrical  circuits  of  aircraft 
devices.  It  is  practically  the  same  as 
Type  B-4  except  for  the  difference  in 
mounting  brackets.  Contact  rating  is 
200  amps  continuous  and  800  amps 
surge. 

Guardian  Electric  Mfg.  Co.,  IGl.i 
West  Walnut  Street,  Chicago,  Ill. 


Then  in  peace-time,  and  now  war,  Wilco  parts  have  been 
meeting  the  most  exacting  industrial  requirements.  The 
H.  A.  Wilson  Company  has  specialized  in  the  scientific  appli¬ 
cation  of  thermostatic  bi-metals  and  electrical  contacts  to  meet 
specific  applications  in  aviation,  automotive,  marine  and  gen¬ 
eral  industrial  fields.  Thermostatic  bi-metals  of  high  and  low 
temperature  types  are  available  in  wide  variety.  Also  a  series 
of  resistance  bi-metals  (from  24  to  440  ohms  per  sq.  mil,  ft.) . 


The  H.  A. WILSON  CO 


105  CHESTNUT  ST.,  NEWARK,  N.  J, 

Branches;  Chicago  and  Detroit 


New  Tubes 


The  following  new  cathode-ray  tubes 
are  available  to  equipment  manufac¬ 
turers  for  use  in  connection  with  WPB 
rated  orders.  One  of  these  tubes,  the 
3BP1  is  equipped  with  the  new  I)i- 
heptal  base  which  permits  wide  separa¬ 
tion  of  the  low-voltage  pins  from  the 
high-voltage  pins. 

3BP1  is  a  3-inch,  high-vacuum, 
cathode-ray  tube  having  electrostatic 
deflection,  electrostatic  focusing,  green 
fluorescence,  and  medium  persistence. 
It  has  a  2-inch  diameter  bulb  neck, 
separate  leads  to  all  deflecting  elec¬ 
trodes  and  the  cathode,  and  an  overall 
length  of  about  10  inches.  All  leads 
terminate  in  the  Diheptal  base. 

3EP1/1806-P1  is  a  high-vacuum 
tube  similar  to  the  3BP1.  It  has  the 
same  ratings  as  the  3BP1  but  a  differ¬ 
ent  bulb  with  18  inch  diameter  neck 
and  a  magnal  base.  Separate  leads  to 
all  deflecting  electrodes  are  provided, 
but  the  cathode  is  connected  to  the 
heater  within  the  tube. 

7CP1/1811-P1  is  a  short  7-inch, 
high-vacuum,  cathode-ray  tube  having 
magnetic  deflection,  electrostatic  fo¬ 
cusing,  green  fluorescence,  and  medium 
persistence.  It  has  a  18  inch  diameter 
bulb  neck  and  an  overall  length  of 
about  13i  inches.  Except  for  anode 
No.  2  which  is  connected  to  a  snap  ter¬ 
minal  on  the  side  of  the  bulb,  the  other 
electrodes,  including  the  cathode,  all 
have  separate  leads  terminating  in  an 
octal  base. 

Additional  information  on  these 
three  new’  cathode-ray  tubes  is  avail¬ 
able  from  the  manufacturer,  RCA  Mfg. 
Co.,  Inc.,  Harrison,  N.  J. 


An  almost  unlim- 
itad  variety  of 
work  can  be  rap¬ 
idly  dona  by  the 
combined  use  of 
these  3  Di  -  Aero 
units.  High  hour¬ 
ly  production 
rates  can  be  aas- 
i  I  y  maintained. 
Multiple  units 
provide  large 
output  if  desired. 
A  I  I  duplicated 
work  is  accurate 


WRITE 

FOR 

CATALOG 


Are  you  in  a  rush  for  some  duplicated  metal  parts?  Do 
you  have  experimental  work?  In  many  cases  you  can 
make  the  parts  faster  with  the  “Di-Acro”  system,  and 
avoid  entirely  the  expense  and  delay  of  making  dies, 
^'ou  can  save  valuable  man  hours  and  needed  critical 
materials. 

In  illustration  above  from  left  to  right:  1st — Di-Acro 
Shear  squares  and  sizes  material,  cuts  strips,  makes  slits 
or  notches.  2nd — Di-Acro  Brake  forms  angles,  channels 
or  “V^ees”.  .Trd — Di-Acro  Bender  bends  angle,  channel, 
rod,  tubing,  wire,  moulding,  strip  stock,  etc.  Send  for 
catalog,  “Metal  Duplicating  Without  Dies.'’ 
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Multi-Contact  Timers 

The  function  of  these  multi-contact 
timers  is  to  automatically  control  a 
sequence  of  on  and  off  operations  of  a 
single  or  a  multiple  number  of  electri¬ 
cal  circuits  in  accordance  with  a  pre¬ 
determined  operating  program.  The 
timers  may  be  used  to  control  a  series 
of  machine  operations  in  definite  order; 
automatically  reverse  or  alternate  in 
operation  a  group  of  motors,  machines 
or  devices;  operate  in  a  predetermined 
sequence  as  well  as  other  applications 
where  sequence  operations  are  of  im¬ 
portance.  Features  of  the  timer  include 
a  self-starting  synchronous  motor; 
complete  gear  trains  operating  in  oil; 
identical  pairs  of  Bakelite  cams  which 
are  mounted  on  a  shaft  so  the  on  and 
off  increments  can  be  adjusted  to  the 
desired  operating  program;  timers  can 
be  manually  operated;  the  contacts  are 
in  view  so  that  their  operations  can  be 
observed;  timers  can  be  provided  with 
a  remote  momentary  starter. 

R.  W.  Cramer  Co.,  Inc.,  Centerbrook, 
Conn. 


INew  Police  Radio  Equipment 

New  mobile  FM  police  radio  equip¬ 
ment  developed  by  General  Electric 
electronic  engineers  and  being  manu¬ 
factured  for  the  radio  reserve  pool 
established  by  WPB,  incorporates 
many  new  features,  some  of  them  sug¬ 
gested  by  police  users  in  many  parts 
of  the  country.  Iron  core,  or  inductive 
tuning  (the  closely  controlled  move¬ 
ment  of  an  iron  core  in  and  out  of  a 
small  form-wound  coil)  is  widely  used. 


j  Delicate  precision  instruments,  like  grees  C.  in  approximately  one  hour, 

rugged  fighting  men,  are  being  con-  without  production  load.  Front  panel 

j  ditioned  today  for  substratosphere  board  accurately  controls  entire  oper- 

j  temperatures  and  blazing  desert  heat.  ation.  Five  thicknesses  of  glass  in 

;  Predetermined  performance  is  door  afford  clear  visibility  of  instru- 

needed  to  achieve  Victory  more  ments  under  actual  test, 

quickly.  Amcoil  engineers  can  help  you  de- 

!  Uniformly  accurate  tests  are  made  termine  your  testing  requirements, 
by  the  Amcoil  Model  RTC-1,  an  In  addition  to  the  RTC-I,  there  are 

ith  mechan- 


other  Amcoil  chambers  w  i 
ical  refrigeration  and  dry  ice,  also 
for  altitude  testing.  Let  us  advise  you 
on  the  type  of  equipment  best  suited 
to  prove  your  instruments  under  war 
conditions. 


all-steel  test  chamber  combining 
mechanical  refrigeration  and  electric 
heating. 

It  ranges  from  minus  55  degrees  C. 
to  plus  70  degrees  C.  Interior  con¬ 
tent:  28.7  cubic  feet.  Thermostatic 
control.  Should  reach  minus  50  de- 


This  permits  easier  and  more  accurate 
tuning,  and  reduces  the  effects  of  car 
vibration  on  tuning  adjustments.  Re¬ 
ceiver  battery  drain  has  been  reduced 
35  percent  and  a  material  improve¬ 
ment  made  in  the  effective  communica¬ 
tion  range. 

A  convenient  “work  bench”  support, 
which  also  serves  as  a  part  of  the 
cover-latch  mechanism  of  the  trans¬ 
mitter  and  receiving  units,  provides  a 
rigid  support  w’hen  the  chassis  is  in¬ 
verted  for  inspection  or  repair.  \ 
.series  of  test  jacks  permits  direct 
simultaneous  readings  of  several  func¬ 
tions  at  one  time.  All  tube  sockets  and 
tuning  controls  are  clearly  stenciled 
cn  the  top  of  the  chassis. 

General  Electric  Co.,  Schenectady, 
N.  Y. 
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The  Aviation  Industry 

needs  Seed 


rwAHlS  Victory  crop  is  sweet-10,000  planes  per 
Tmonth  next  year  seem  certain  . .  .  5,000  per  month 
1  rlv  nassed  Worldwide  average  of  four  enemy 
I'nes'knrhed  d;wn  for  every  American  plane  lost 
r  ,  Jap  average  five  to  one  .  ,  .  Still  better  planes 

coming  off  the  line. 

And  beyond  the  war,  some  people  see  a  vast  ne 
industrial  field  opening  up  for  America: 

^  Giant  freight  and  passenger  airliners,  flying  the 
^irocran  to  every  part  of  the  ^obe,  linking  our  ct.es 
in  a  traffic  network  that  will  obliterate  time. 

Family  planes  that  will  jump  golfers  to  far  o 
greens. 

What  are  the  chances  for  this  exciting  pos  -w 
crop  of  commerce  and  convenient  travel  from 
aviation  industry? 

We  think  the  chances  are  rather  slim,  and  we  ask 
you  to  take  a  serious  look  at  the  reason. 

In  our  proper  anxiety  to  prevent  inflation  and 
control  war  profits,  we  have  passed  tax  laws  that  are 
taking  away  most  of  the  ’’seed  money  that  aviation 
-  compliies  will  need  when  the  time  comes  to  go 
on  their  own  in  the  post-war  world. 

►  -Seed  money”  is  that  part  of  profit  which  is  held 
for  re-investment  in  a  business  to  insure  its  growth. 

-Seed  money”  will  pay  for  research  on  new  and 


better  products.  It  will  pay  for  retooling  when  post- 

„„  models  are  produced,  1.  will  pay 

methods  to  get  the  lower  costs  that  widen  markets. 

It  will  pay  for  setting  up  new  distributors  and  dealer  . 
a  J  for  huudreds  of  o.her  ac.ivi.ies  ,ha.  arc  mvolved 
in  the  growth  of  a  business. 

►  American  industry  has  grown  on  "seed  mon^J 
It  has  been  a  national  charucterisfc  to  re-mvest  most 
of  our  profits  in  development. 

A  dangerous  confusion  between  personal  profit 
(salaries  and  dividends)  and  re-invested  profit  (wine 
^e  have  called  "seed  money”)  has  found  .ts  wav  mto 
our  taxing  system. 

n,  tax  law  and  tovemment  contracts,  should  allow 
A  JrLn  Industry  to  accuntulate  funds  for  the  nunterous 
tasks  of  post-war  development. 

\  sum  greater  than  the  total  now  remaining  after 
taxes  will  be  neided,  if  we  are  to  take  advantage  of  the 
new  opportunities  that  will  exist  after  the  war. 

It  is  probably  the  oldest  law  in  economics  that 
enough  of  each  crop  must  be  saved  to  provide  seed 
for  future  crops. 

Ask  vour  Congressman  to  see  that  this  economic 
law  is  no"  disregarded  in  an  effort  to  take  excess 
profits  out  of  war. 


ISO 


Roprints  of  tU,  advortiununt  ar.  aoallaHc  In  hand,  hooUrt  f on,. 

McGRAW-HILL  publishing  company.  Inc. 

.  •  new  YORK 

WEST  42NO  STREE 


Did  you  ever  try  to 

defend  a  PROFIT? 


E^’^ERY  business  man  knows  the  difference 
between  profit  that  is  paid  out  to  individuals 
and  profit  that  is  held  for  re-investment  and 
future  growth. 

The  trouble  is  that  the  public  thinks  of  profit 
in  terms  of  yachts,  elaborate  homes  and  costly' 
debutante  parties.  They  have  learned  to  think  that 
way  because  those  things  get  the  headlines. 

The  public  does  not  know  that  far  more  profit 
money  has  gone  back  into  American  business  than 
has  ever  been  taken  out  for  personal  spending. 

The  McGraw-Hill  Publishing  Company  is  go¬ 
ing  to  do  its  share  in  the  job  of  explaining  the 
difference  between  these  two  kinds  of  profit. 

To  be  sure  that  the  public  does  not  confuse 
two  different  things  that  have  always  been  called 
by  the  same  name,  we  have  developed  the  term 
‘'Seed  Money.” 

"Seed  Money”  is  explained  in  the  McGraw- 
Hill  newspaper  advertisement  reprinted  on  the 
opposite  page.  We  urge  you  to  read  this 


advertisement  carefully  and  apply  its  message. 

There  will  be  other  \IcGraw'-Hill  advertise¬ 
ments  on  this  vital  industrial  need.  We  hope,  too, 
that  other  advertisers  will  adopt  the  term  "Seed 
Money”  and  help  by  selling  their  employees  in 
their  own  communities  on  the  danger  to  living 
standards  in  taking  away'  industry’s  ability  to 
improve  its  plants  and  techniques. 

★  ★  ★ 

THE  McGRAW-HILL  NETWORK 
OF  INDUSTRIAL  COMMUNICATION 

23  publications,  which  gather  ’’war-news”  from  the 
’’war-production-front”  through  a  staff  of  153  editors 
and  725  engineer-correspondents . . .  More  than  1,500,000 
executives,  designers,  production  men  and  distributors 
use  the  editorial  and  advertising  pages  of  these  maga¬ 
zines  to  exchange  ideas  on  war-production  problems. 

THE  McGRAW-HILL  BOOKS 

Publishers  of  technical,  engineering  and  business  books 
for  colleges,  schools,  and  for  business  and  industrial  use. 

McGRAW-HILL  PUBLISHING  COMPANY,  Inc. 

330  WEST  42nd  STREET  •  NEW  YORK 


Aviation— (I.U/fWACI’.V  ni.nF.ST  AFROSAI'TICAL  MAGA7.I\F)—ISFORMATtn\  UFAnQl'ARTF.RS  FOR  THE  ME.\  WHO  DF.SKiS ,  I'ROHVCF, 

Ol'FRATE  ASO  ,U  I/Vr.l/V  AMERICA'S  AIR  SI  J'RFMACY. 

-American  Machinist  Construction  Methods  Engineering  &  Mining  Journal  Mill  Supplies 

Bus  Transportation  Electrical  Contracting  E.  &  M.  J.  Metal  and  Mineral  Markets  Power 

Business  Week  Electrical  Merchandising  E'ngineering  News-Record  Product  Engineering 

1  .oal  .Age  Electrical  W  est  Food  Industries  Textde  World 

('hemical&XIetallurgical  E-lectrical  \S  orld  E'actory  Management  and  Transit  Journal 

Engineering  Electronics  Maintenance  W  holesaler’s  Salesman 

AH  ILI  VrHI)  WITH  BirsiNKSS  Pl’BI.ISlIERS  INTERNATIONAL  CORPORATION,  IT  BI.ISHERS  OF  BUSINESS  A.ND 
TECHNICAL  MAGAZINES  FOR  LATIN  A.MERICA,  A.NU  OVERSE.AS  CIRCULATION. 


SPECIALISTS  IN  ACCURATELY  DRAWN  TUBING  AND  METAL  SHIELDED  WIRE 
Factory:  3824-26-28  TERRACE  STREET  .  PHILADELPHIA,  PA. 

BItaNCHCS  IN  ALL  PRINCIPAL  CITICS  SALES  DEPT  29S7  214'-  ST..  BAVSIDE.  L.I..  N  Y 


Oscillograph  With  Expanded 
Frequency  Range 

Oscillograph,  Type  224  is  a  standard 
instrument  which  features  a  X-axis 
vertical  deflection  response  which  is 
uniform  from  20  to  2  million  cps.  It 
has  a  comparably  faithful  square  and 
sinusoidal  wave  response.  The  X-axis 
or  horizontal  deflection  amplifier  has  a 
uniform  characteristic  from  10  to  100 
kc.  Both  amplifiers  have  distortionlc.ss 
input  attenuators  and  gain  controls. 
wide  variety  of  signal  input  conn^-c- 
tions  is  available.  In  addition  to  the 


QUICK  DELIVERIES  of  accurately  drawn  seamless  COPPER. 
BRASS,  and  ALUMINUM  tubing  are  today  unusual. 
PRECISION  TUBE  COMPANY  specializes  in  both  prompt¬ 
ness  and  accuracy  of  finished  product. 

Write  or  wire  us  at  once  concerning  your  tubing  problems. 
We  are  known  for  our  excellent  service. 


amplifier  connections,  signals  can  be 
applied  directly  to  the  deflection  plates 
of  the  3-inch  cathode-ray  tube,  when  it 
is  desirable,  by  means  of  terminals  at 
the  front  panel  of  the  unit.  The  Y 
amplifier  has  an  input  connection  for 
the  shielded-cable  test  probe  type  242A, 
which  is  supplied  with  the  instrument 
and  which  tends  to  reduce  input  ca¬ 
pacitance  and  eliminate  stray  pickup. 
High-voltage  electrolytic  conden.sers 
are  eliminated  from  the  circuit.  The  os¬ 
cillograph  weighs  49  lbs.,  and  measures 
14J  inches  high,  88  inches  wide,  Ibi 
inches  deep.  It  operates  on  115  volts, 
60  cps  a.c. 

Allen  B.  DuMont  Laboratories,  2 
Main  Ave.,  Passaic,  N.  J. 
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Portable  Measuring 
Instruineiits 

Three  new  small  laboratory  type 
portable  electrical  measuring  instru¬ 
ments  including  a  voltmeter,  ammeter 
and  a  wattmeter  are  offered  by  this 
manufacturer.  This  group  of  instru¬ 
ments  is  designated  as  Model  7T-I’. 
The  individual  instruments  are  fur¬ 
nished  in  mahogany  cases.  They  all 
have  electrodynamometer  movements. 
The  scale  length  is  3i  inches  with  an 
accuracy  of  1  percent. 

Niagara  Electrical  Instrument  Co., 
1  W.  Genesee  St,,  Buffalo,  N.  Y. 
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HALLCROSS  MFG.  CO 


COLLINGDALE,  PENNA 


Aircraft  Relays 

Tyve  27  AIRCRAFT  relays  utilize  a  box 
frame  construction  to  provide  compact¬ 
ness,  strength  and  sturdiness.  The  con¬ 
tacts  are  mounted  in  an  open-sided  phe¬ 
nolic  box  for  protection  against  dam¬ 
age  and  dirt.  Electrical  characteristics 
of  the  relays  can  be  varied  over  a  wide 
range  to  suit  the  requirements  of  dif¬ 
ferent  applications.  As  an  example, 
the  manufacturer  cites  the  following 
specifications  of  one  relay  built  to  meet 
the  requirements  of  a  specific  customer: 
vibration  and  acceleration,  15  g;  alti¬ 
tude,  40,000  feet;  contact  pressure  for 


double  make,  double  break  contacts,  50 
grams;  contact  capacity  at  30  volts 
d.c.,  20  amps  (inrush  100  amps)  ;  200- 
hour  salt  spray  test;  pickup,  at  20  deg. 
C.,  5  volts  (0.36  watt) ;  nominal  coil 
voltage,  14  volts  d.c.;  coil  wattage  at 
14  volts  d.c.  at  20  deg.,  2.8  watts;  tem¬ 
perature  range,  — 40  to  +90  deg.  C. 
Dimensions  are  lixlSxli  inches  high, 
weight  5  ounces. 

Free  samples  of  the  relay  may  be  ob¬ 
tained  by  requesting  Specification  No. 
12723  and  supplying  a  priority  of 
.4-1-K  or  better. 

G-M  Laboratories  Inc.,  Chicago,  Ill. 


Phosphorescent  Material 

The  manufacturer  states  that  a  new 
phosphorescent  material  has  been  de¬ 
veloped  which  overcomes  certain  de¬ 
fects  of  this  type  of  product  which 
have  limited  their  military  and  civilian 
usefulness,  especially  outdoors.  The 
new  phosphorescent  material  consists 
of  a  pre-fabricated  paint  film  in  the 
form  of  a  tape  and  in  large  sheets, 
and  is  made  by  laminating  under  heat 
and  pressure,  transparent  plastic  films 
on  each  side  of  the  luminous  layer.  The 
film  is  chemically  neutral  and  is  non¬ 
absorbing,  and  will  withstand  six  times 
the  government  specification  in  the 
weatherometer.  The  brightness  is  such 
that  it  can  be  seen  after  twenty-four 
hours  at  70  deg.  F.  by  the  dark- 
adapted  eye,  and  can  be  extinguished 
at  will  by  a  red  light.  The  color  is 
blue-green  and  is  peaked  at  507  milli¬ 
microns.  The  material  can  be  excited 
by  daylight  or  photoflood  in  20  seconds, 
or  by  an  ordinary  100-watt  lamp  in  a 
period  from  20  seconds  to  a  minute, 
depending  on  the  distance  from  the 
lamp.  It  has  two  peaks  of  sensitivity 
in  excitation,  one  at  320  millimicrons 
and  one  at  436  millimicrons.  The  after¬ 
glow  is  accelerated  by  infrared  light 
and  quenched  by  red  light. 

Fluorescent  Pigments  Corp.,  445 
West  41  Street,  New  York,  N.  Y. 


are  tools  of  War-Time  Production  covering  a 
wide  range  of  activity.  Shallcross  Engineers 
have  much  experience  in  the  design  and  con¬ 
struction  of  specialized  equipment.  Submit  your 
problem  to  Shallcross  .  .  .  and  if  your  project  is 
a  part  of  the  War  Effort  we  will  find  time  to 
determine  the  correct  answer.  Dept.  D  3. 
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Small  Power  Relays 

Models  BO  and  B.I  power  relays  have 
been  redesigned  to  require  minimum 
mounting  space  and  to  permit  variation 
in  their  mounting  bases  (Bakelite, 
screw  or  Shake-proof  nut,  etc.)  to 
make  them  widely  interchangeable  to 
meet  the  individual  requirements  for 
tanks,  planes  and  ships.  Terminal  con¬ 
nections  are  easily  accessible.  Semi- 
balanced  armature  to  withstand  vibra¬ 
tory  motion  with  minimum  coil  power 
is  provided. 

The  specifications  of  BO  are:  con¬ 
tact  ratings,  non-inductive,  15  amps 
for  12  and  24  volts  d.c.  and  110  volts 
a.c.  single  or  double  pole,  double  throw; 


tures  of  +70  deg.  C.  or  —50  deg. 
resists  corrosion;  dimensions,  (screw 
stud  mounting)  2AxHxl'A  inches  — 


MODEI 

syster 

signet 

from 

provic 

flushi 

larly 

and  ( 

stalla 

large 

large 

unit 

fugal 


VIBRATOR 

POWER 

SOPPLIES 


(Bakelite  mounting,  model  B.IB) 
2Axli4xli8. 

Allied  Control  Co.,  Inc.,  227  Fulton 
St.,  New  York,  N.  Y. 


Siiythetic  'White  Sapphire 

Synthetic  white  sapphire  (developed 
to  replace  synthetic  gems  no  longer 
available  from  Europe)  is  now  avail¬ 
able  in  the  form  of  boules.  Each  boule 
weighs  at  least  150  carats  and  is  of  a 
regular  cylindrical  shape,  enabling 
gem  cutters  to  standardize  on  cutting 
and  sawing  procedures.  The  manufac¬ 
turer  states  that  the  material  is  practi¬ 
cally  perfect  (any  imperfections  being 
microscopic  in  size  and  having  no  ef¬ 
fect  whatever  on  the  quality  of  the 
material  for  precision  bearing  surfaces 
and  other  essential  industrial  parts) 
and  that  the  hardness  of  the  new  syn- 


weights,  4  oz.  with  screw  or  shake- 
proof  nut  mounting  or  7  oz.  with 
Bakelite  mounting  (model  BOB  in 
Bakelite)  ;  withstands  vibratory  motion 
to  12G  with  2i  watt  operating  power; 
operates  at  temperatures  +70  deg.  C., 
or  —50  deg.  C;  and  resists  corrosion; 
dimensions,  (screw  or  shake-proof  nut) 


•  ATR  VIBRATOR  PACKS 

For  Inverting  Low  Voltage  D.C.  to  High 
Voltage  D.C. 


REPLACES  DYNAMOTORSn 


lixl44xli  inches — (Bakelite  mounting, 
model  BOB)  2ixlix2^  inches. 

The  specifications  for  BJ  are:  con- 
tact  ratings,  non-inductive,  5  amps  for 

12  and  24  volts  d.c.  and  110  volts  a.c.;  thetic  sapphire  is  exceeded  only  by  the 

diamond.  Once  cut,  the  jewels  are  re- 

r,  ,  sistant  to  breakage  by  impact.  They 

.  ®lso  heat  resistant  (having  a  melt- 

^  ing  point  of  over  3,700  deg.  F’.).  Other 

advantages,  the  manufacturer  gives, 
ai’G  the  boules’  uniformity  of  size  and 
shape,  and  their  complete  chemical  in- 
activity  when  exposed  to  all  types  of 
j  corrosion  except  strong  mineral  acids 

and  alkalies.  The  new  material  is  for 
'  use  in  the  form  of  ring  bearings  or  V- 

L,^  ®  type  and  cup-type  end  bearings  of 

■  “  ■  — chronometers,  compasses,  electrical, 

and  aircraft  instruments,  or  as  insula- 
single  or  double  pole,  double  throw’;  tors  in  gas-filled  or  vacuum  thermionic 
weights,  24  oz.  with  screw  stud  mount-  devices,  or  for  cutting  tool  tips  to  por¬ 
ing  or  54  oz.  with  Bakelite  mounting  form  high  speed  finishing  operation  on 
(model  BJB  in  Bakelite) ;  withstands  certain  non-ferrous  metals, 
vibratory  motion  to  12  G  with  2  watts  The  Linde  Air  Products  Co.,  30  East 
operating  power;  operates  at  tempera-  42nd  Street,  New  York,  N.  Y. 


•  ATR  D.C.-A.C.  INVERTERS 


For  Inverting  6,  12,  32,  or  1 10  Volts  D.C. 
to  110  Volts,  60  Cycle  A.C. 


REPLACES 

ROTARY  CONVERTERS!! 


ATR  Vibrator  Power  supplies  have  a 
proven  background  for  performance, 
reliability  and  high  quality. 


St.  Paul,  Minnesota 
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Portable  Coolant  System 

Model  G-lOA  is  a  new  portable  coolant 
system  using  a  centrifugal  pump,  de¬ 
signed  to  deliver  controlled  coolant  flow 
from  10  to  1000  gallons  per  hour.  It 
provides  large  coolant  volume  and  high 
flushing  capacity,  making  it  particu¬ 
larly  applicable  for  multiple  spindle 
and  deep  drilling  work,  drill  press  in¬ 
stallations,  large  cut-off  machines, 
large  grinders,  large  milling  machines, 
large  turret  lathes,  and  as  a  stand-by 
unit  for  central  systems.  The  centri¬ 
fugal  pump  is  a  high  stress  casting. 


with  sleeve  bearings.  Intake  orifice  is 
U  inches;  discharge  1  inch.  Both  1- 
and  3-phase  J-hp  motors,  100/220  or 
220/440  volts  respectively,  are  avail¬ 
able.  The  tank,  of  40-gallon  capacity,  is 
16  inches  deep,  16  inches  wide,  and  36 
inches  long.  Double  baffle  plate  pro¬ 
vides  forced  settling,  and  a  separate 
filter  screen  in  the  tank  cover  is  easily 
removed  for  cleaning.  Tank  finish  is 
corrosion  resistant.  Flow  control  valve 
is  easily  accessible. 

Gray-Mills  Co.,  213  W.  Ontario  St., 
Chicago,  Ill. 


Impregnated  Transformers 

Thermatite  is  a  new  form  of  impreg¬ 
nation  used  to  treat  transformers  to 
make  them  more  adaptable  to  extreme 
conditions  of  humidity  and  heat.  Ther- 


matite-treated  transformers  are  also 
av:iilable  in  very  small  sizes  for  radio 
use. 

Thermador  Electrical  Mfg.  Co.,  Los 
Argeles,  Cal. 
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TRANSFORMERS 

(Special  and  Standard  Types) 


For  Control  of 
Motor  Spoed 


Suppose  you  had  spent  the  last  twenty  years 
building  transformers.  Wouldn't  you  figure 
that  you  had  the  job  licked,  pretty  thoroughly, 
too?  Wouldn't  you  conclude  that  no  new 
transformer  problem  could  be  a  problem  any 
longer  than  it  took  to  turn  your  experience 
loose  on  it?  That's  our  story. 

We  can  build  Newark  dry  type  transformers 
to  serve  your  needs,  either  in  standard  types 
or  in  special  types  using  components  •  of 
proven  correctness.  Capacities  I  to  75  kva. 
And — we  may  be  able  to  deliver  sooner  than 
you  expect.  Check  with  us  on  this.  Write 
for  Bulletin  A- 10. 


Do  you  need 
SUBCONTRACT  help? 

Call  upon  the  facilities  of  our  Subcontract  Division,  estab¬ 
lished  long  before  Pearl  Harbor.  Floor  space,  machines, 
man  available.  Also  the  cooperation  of  a  skilled  engineering 
staff.  Our  record  on  this  work  demonstrates  exceptional 
ingenuity  in  dealing  with  a  wide  variety  of  difficult  manu¬ 
facturing  problems.  Production  time  schedules  always  met, 
frequently  bettered.  Depend  upon  our  production  drive  to 
get  things  done,  and  upon  our  20  years  of  experience  to  get 
them  done  right.  Our  facilities  may  be  just  what  you  need. 

Phone  or  wire 

SUBCONTRACT  DIVISION 

IPhone,  Bigelow  3-3577 i 

^  i  TRANSFORMER  CO. 


TRANSFORMER  CO. 

17  FRELINGHUYSEN  AVE. 
NEWARK,  NEW  JERSEY 


TRANSFORMERS  FOR  ALL  PURPOSES 


MEANS  LONGER  LIFE 
FOR  PRECISION  GAUGES 

MEANS  MORE  ACCURATELY 
CALIBRATED  AVIATION 
INSTRUMENTS 

MEANS  SUPER  ALUMINUM 
SHEETS  FOR  PLANES 


REVCO,  INC.,  Deerfield,  Michiga 


aircraft;  Tanks 


AMPERITE 


BATTERY  CURRENT  A  VOLTAGE 

REGULATORS 


Features: — 

1.  Amperites  cut  battery 
voltage  tiuctuation  from 
approx.  S0°o  to  2%. 

2.  Hermetically  sealed  —  I 
not  affected  by  altitude,  | 
ambient  temperature,  ] 
or  humidity. 

3.  Compact,  light,  and 
inexpensive. 

Now  used  by  U.  S.  Army, 

Navy,  and  Air  Corps. 

Send  us  your  problem. 


Steel  Substitute  Plastic 

Plastic  compositions  which  can  re¬ 
place  steel  or  other  metals  in  many 
uses  may  now  be  manufactured  by 
incorporating  with  various  cellulosic 
fibers  a  resin  powder  known  as  Vi  isol 
extracted  by  Hercules  Power  Company] 
The  Patent  and  Licensing  Corp.  (30 
Rockefeller  Plaza,  New  York,  N.  Y.) 
has  announced.  Vinsol  is  a  thermo¬ 
plastic,  fibrous-resin  composition,  hard 
dense,  stiff  but  with  reasonable  tough¬ 
ness.  It  is  described  as  sturdy  but  light 
in  weight,  and  has  low  water  absorp¬ 
tion.  Fibers  used  in  the  production 
process  include  such  non-critical  ma¬ 
terials  as  newsprint,  clean  cotton  rags, 
sulphite,  sulphate,  and  similar  mate¬ 
rials.  The  Vinsol  resin  is  available 
without  priorities,  and  can  be  obtained 
in  quantities  from  the  Hercules  naval 
stores  plants  at  Brunswick,  Ga.,  and 
Hattiesburg,  Miss.  Existing  conven¬ 
tional  paper-making  machinery  may¬ 
be  used  to  manufacture  fiber  sheets. 
Thin  sheets  for  laminating  may¬ 
be  made  by  continuous  process 
on  cylinder  of  fourdrinier  paper  ma¬ 
chines.  Thicker  sheets  for  laminating 
or  for  homogeneous  pressing  can  be 
made  on  wet  machines  or  insulation 
board  machines. 

The  Patent  and  Licensing  Corp.  has 
under  way  many  types  of  experimental 
work  with  this  product.  One  definite 
commercial  use,  however,  is  in  the 
manufacture,  by  Federal  Electric  Co., 
of  Chicago,  of  a  3-inch  diameter  plastic 
tubing  to  replace  steel  pipe  for  shot 
hole  casing  in  seismograph  oil  field 
exploration  work.  Several  other  com¬ 
panies  interested  in  the  possibilities  of 
Vinsol  as  a  metal  substitute,  and  also 
for  specific  uses  on  its  own  merits,  are 
working  on  adaptations  of  such  items 
as  containers  for  greases  and  oils, 
lightweight  structural  I,  U  and  L  or 
similar  members,  pipe,  wall  panels, 
corrugated  sheets,  cabinets,  boxes,  re¬ 
frigerators,  air  conditioning  ducts, 
vent  pipes,  fluorescent  lighting  fixtures 
and  radio  antenna  structures. 


'  SUB-ZERO  " 
TESTING  EQUIPMENT 


Llttelf 
will  K 
Litttif 
mctici 


REVCO  engineering  insures  dependable  sub-zero 
temperatures  for  electronic  equipment  manufactur¬ 
ers.  Electrical  instruments  for  aircraft  must  meet  the 
most  rigid  demands  of  Sub-Zero  temperature  condi¬ 
tions.  REVCO  equipment  does  this  work  efficiently 
and  economically.  Write  for  further  information. 


Varnished  Silk 
Alternates 

Varnished  rayon,  varnished  cotton 
cloth  and  varnished  nylon  have  been 
developed  for  electrical  insulation  for¬ 
merly  provided  by  varnished  silk.  The 
manufacturer  .states  that  all  these  ma¬ 
terials  possess  dielectric  strength  with 
tensile  and  tear  strengths  equal  to  var¬ 
nished  silk  and  that  they  can  be 
punched  into  special  shapes.  They  are 
available  in  thicknesses  from  0.003 
inch  to  0.008  inches  in  straight-cut 
rolls  or  bias  cut  strips,  in  51-inch 
lengths.  Each  base  material  is  coated 
with  the  manufacturer’s  special  insu¬ 
lating  varnish. 

High  tenacity  varnished  rayon  is 
suggested  as  the  most  suitable  alter¬ 
nate  for  varnished  silk,  comparing 
favorably  with  it  in  sti-ength  and  flex¬ 
ibility.  It  has  a  dielectric  strength  of 
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L  VOLTAGE  OF  24V  j 

WITH  AMPfRITE  . 

k  BATTERY  &  CHARGER  i 

VOLTAGE  VARIES  J 

VARIES  APPROX. 

2%^ 

[^50%  I 

Puta  LITTELFUSE 


1200  VPM  and  is  used  for  wrapping 
leads,  small  magnetos  and  coils.  Var¬ 
nished  cotton  cloth  has  greater  tensile 
strength  than  varnished  silk.  Its  pli¬ 
ability  permits  application  on  odd 
shapes.  Dielectric  strength  is  1200 
VPM.  Varnished  nylon  has  qualities 
of  flexibility  and  high  tensile  strength 
with  dielectric  strength  of  1200  VPM. 
Nylon  is  only  available  by  Govern¬ 
ment  allocation. 

Irvington  Varnish  &  Insulator  Co., 
24  Argyle  Terrace,  Irvington,  N.  J. 


Paper  Tubing  and  Cores 

The  manufacturer  has  extended  the 
size  ranges  of  its  spirally-wound  paper 
tubing  and  cores  and  these  may  now 
be  had  in  sizes  of  to  inch  or  of  4 


You  limply  can't  dotach  or  avan  /oosan  tha 
cap  of  a 


•  Standard  kdMcatorr  tawtmmMil  dartqn 
and  wodononahtp. 

•  WhoototmM  Brfd^  Typ*  BN-l.  Four 
tooMonco  (Bcda.  Nino  pooMlono  aadL 
SXI.  9X10.  SXlOa  OXlOOOohEU. 
wUh  dopodo  nmll^lying  dials. 

•  Batlo>AsManco  gnorantood  to  phis/ 
aiB0  4)5%.  BssiBtanco  coils  to  .1%. 

•  Moving  coil  gahrcmomotor.  SsndHaHy 
of  1  aricroampsa*  por  ifivislui.  4V1i  ▼. 
Intonal  boWs^.  Extscnd  baMocr  and 
gahranoBotar  connscdoas. 

•  Bodstanco  Docados  Typo  Dl.  J  to 
99tJ99  ohmo.  Accurkt  pha/ndaus 
.1%. 

•  Manganin  wtao  coik.  BUlarsraand  on 
coramlc  tubes. 

•  SoB-dooniag  asultl-blado  phosphor- 
bronao  mttaig  wipsr  swUefass. 

•  Stamkad  wedaut  eosss. 


Grip  and  t"rn  hard!  Yon  otay  ihattar  tha 
glati — but  tha  cap  will  stubbornly  stick  to 
Its  and.  Raason:  Exclusiva  Littalfusa  Pat- 
antad  Lockad  Cap  Assambly. 

Utfcffsse  Cops  with  their  markings 
will  net  be  lost  In  any  emergency. 

Littalfusa  procass  also  waterproofs  and  har- 
matically  seals  filament. 

Send  ter  Complete  LIttelfuse  Catalog. 

Full  details  on  Littalfusas  for  every  instru¬ 
ment  purpose.  Panels,  mountings,  Clips  in¬ 
cluding  New  Beryllium  Copper  Clips  of 
remarkable  strength  and  resistance  charac¬ 
teristics.  Write. 


47SS  Roveeswood  Avenue 


inches  square  inside  with  a  tolerance 
of  approximately  0.002  inches.  Tne 
tubes  have  square  corners  and  straight 
side  walls  and  are  available  in  continu¬ 
ous  lengths  in  high  dielectric  kraft, 
fish  paper,  red  rope,  acetate,  or  com¬ 
bination  wound.  Shapes  which  may  be 
had  are  square,  round,  or  rectangular. 
The  tubing  and  cores  may  be  used 
for  coil  forms  as  well  as  other  uses. 

A  list  of  over  650  sizes,  or  sample 
tubes,  is  available  from  the  manufac¬ 
turer,  Paramount  Paper  Tube  Co.,  800 
Glasgow  Ave.,  Fort  Wayne,  Ind. 


Large-scale  reqmrements  on 
the  part  oi  a  major  Govern¬ 
ment  contractor  for  equipment 
"equal  to  and  interchangeable 
with"  present  standard  D.C. 
Wheatstone  Bridges  and  Re¬ 
sistance  Decades,  led  us  to  set 
up  for  line  production  oi  such 
instruments.  The  result  is  that 
we  con  promise  prompt  deliv- 
>  ery  because  we  ore  in  continu¬ 
ous  production  on  such  equip¬ 
ment.  Also  other  models, 
subject  to  priorities.  We  sug¬ 
gest  that  you  review  your  re¬ 
quirements  NOW,  and  take 
j  advantage  of  this  favorable 

situation. 

r 

.Write  for  Literature  .  .  . 


I)ii8t-tight  Aircraft  Relay 

Designed  for  aircraft  applications 
which  require  high  current-carrying 
capacities  is  a  new  relay  which  comes 
with  the  coils,  contacts,  and  plunger 
enclosed  in  a  dust-tight  housing.  The 
unit  is  compact,  light-weight  and  cor¬ 
rosion  proof,  and  can  be  mounted  in 
any  position  on  a  metal  or  non-metallic 
base.  The  relay  meets  the  stipulated 
200-hour  salt-spray  test.  It  is  solen¬ 
oid-operated  with  the  normally-open 
contacts  rated  at  10  amps  d.c.  The.se 
contacts  will  make  or  break  30  amps  at 
altitudes  up  to  40,000  ft.  When  the  re¬ 
lay  is  in  the  energized  or  de-energized 
state,  the  contacts  will  remain  in  the 
open  or  closed  position  without  chat¬ 
tering,  even  when  subjected  to  mechan¬ 
ical  frequencies  of  from  5  to  55  cps  at 
:,*2-inch  amplitude  (Ai-inch  total  travel) 
applied  in  any  direction.  The  relay  is 
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designed  for  use  in  an  ambient  temper¬ 
ature  range  of  from  95  deg.  C.  to  minus 
40  deg.  C.,  and  will  withstand  95  per¬ 
cent  humidity  at  75  deg.  C.  on  48-hour 
tests.  The  relay  is  available  in  a  sin¬ 
gle-pole,  single-circuit  form  with  nor- 


— - 

McGRAW-HILL 

DIRECT  MAILLIST  SERVICE 


MAILING  LISTS 
THAT 


mally-open  contacts  or  in  a  single-pole, 
two-circuit  form  with  one  normally- 
open  and  one  normally-closed  contact. 
The  operating  coil  can  be  furnished  for 
either  12  or  24  volt  d-c  operation. 

General  Electric  Co.,  Schenectady, 


McGraw-Hill  Industrial  Mail¬ 
ing  Lists  are  a  direct  route 
to  today's  purchase-control¬ 
ling  executives  and  techni¬ 
cians  in  practically  every  ma- 
]or  industry. 


These  names  are  of  particu¬ 
lar  value  now  when  most 
manufacturers  are  experienc¬ 
ing  constantly  increasing  dif¬ 
ficulty  in  maintaining  their 
own  lists. 


DYNAMOTORS  ate  budl 
^es  of  service  .  .  •  ‘o' oP 
temperatures  ranging  hon 
5  +65“  Centigrade. 


Generator  Equalizing 
Resistor 

Generator  equalizing  resistors  (des¬ 
ignated  as  No.  1011)  are  light-weight, 
compact  and  will  withstand  extreme 
temperatures  and  vibration.  Each  re¬ 
sistor  is  individually  tested  and  set  ts 


Probably  no  other  organisa¬ 
tion  is  as  well  equipped  os 
McGraw-Hill  to  solve  the  com¬ 
plicated  problem  of  list  main¬ 
tenance  during  this  period  of 
unparalleled  changes  In  in¬ 
dustrial  personnel.  These 
lists  are  compiled  from  ex¬ 
clusive  sources,  based  on 
hundreds  of  thousands  of 
mail  questionnaires  and  the 
reports  of  a  nation-wide  field 
staff,  and  are  maintained  on 
a  twenty-four  hour  basis. 


COMPACT 
UGHT  WEIGHT 
minimum  a.c.rippiJS 
LOW  VOLTAGE  BEGULAl 

Ity  features  In  Wiwv./ 

motors. 

WINCO  DYNAMOTORS 
ularly  available  in  stand 

puts  and  sizes  .  .  .sp^ial 

DYNAMOTORS  con  be  < 

to  meet  your  exact  need. 

plete  free  Advisory  Enc 
Service  is  yours  without  o 


Investigate  their  tremendous 
possibilities  in  relation  to 
your  own  product  or  service. 
Your  specifications  are  our 
guide  in  recommending  the 
particular  McGraw-Hill  lists 
that  best  cover  your  market. 
When  planning  your  indus¬ 
trial  advertising  and  sales 
promotional  activities,  ask 
for  more  facts  or,  better  stilL 
write  today.  No  obligation, 
of  course. 


the  standard  voltage  drop  desired.  The 
resistors  have  been  approved  by  Army 
Corps  for  use  in  multi-generator  ap¬ 
plications. 

Avia  Products  Co.,  737  N.  Highland 
Ave.,  Los  Angeles,  Cal. 


consult  us? 


McGraw-Hill 
Publishing  Co.,  Inc, 

DIRECT 

MAIL 

DIVISION 


Welding  Transformer 

Special  Weuiing  transformers  •which 
have  been  designed  for  war  production 
jobs  are  available  for  operation  on 
primary  circuits  of  115  volts,  single 
phase,  60  cps.  The  units  have  second¬ 
ary  characteristics  of  0.75  volts,  1600 
amps. 

Acme  Electric  &  Mfg.  Co.,  Cuba 
N.  Y. 


The  Dynamotor  designed  to 
insure  maximum  efficiency  at  cdl 
operating  altitudes  and  temper¬ 
atures. 


330  WEST  42nd  STREET 
NEW  YORK,  N.  Y. 
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less  than  J  oz.  The  necessity  of  addi-  ' 
tional  mounting  brackets  are  eliminated  i 
because  soldering  lugrs  are  provided.  ' 
These  rectifiers  do  not  require  any  ! 
warm-up  period  and  are  permanently 
stable.  They  are  rugged  in  construction,  ; 
have  high  overload  capacity,  can  with¬ 
stand  temperatures  up  to  70  deg.  C. 

Complete  technical  data  sheet  is 
available  on  request  from  Emby  Prod-  i 
ucts  Co.,  Inc.,  1800  West  Pico  Blvd.,  : 
Los  Angeles,  California.  j 


Timing  Motors  for  Vacuum 
Tube  Plate  Circuits 

A  NEW  TYPE  OF  CLUTCH  mechanism  is  | 
used  in  1600  Series  of  small  self-start¬ 
ing  synchronous  timing  motors  which 
may  be  used  as  vacuum  tube  circuit  ' 
controls,  automatic  reset  timers,  and 
time  delay  relays.  The  rotor  in  the 
motor  is  counter-balanced  so  that  the  , 
motor  can  be  operated  regardless  of  the 
mounting  position.  Upon  interruption 


ASSEMBLIES 


Deliveries  ar«  not  a  problom  at 
GOTHARD.  If  standard  models  do  not  fit 
your  requirements,  send  your  specifica¬ 
tions  and  proposed  delivery  schedule. 
You  will  be  answered  immediately.  Or 
write  for  new  catalog. 


Model  No.  1000,  Actual  Size* 


of  the  current  to  the  motor,  the  clutch 
releases  the  gear  train  so  that  the 
motor  shaft  can  be  reset  to  starting 
position  by  means  of  an  external 
spring.  The  motors  are  available  in  a 
large  variety  of  output  speeds,  voltages 
and  frequencies.  The  units  measure 
2Jx2Jxli  inches,  and  weigh  6  oz. 

Haydon  Mfg.  Co.,  Inc.,  Forestville, 
Conn. 


The  unipolar  conductivity  of  a  selen-  j 
ium-to-metal  junction  is  utilized  for  ' 
rectification  purposes  in  these  units,  j 
Eight  standard  types  are  manufac-  j 
tured,  ranging  in  outputs  from  8  to  ■ 
120  ma.  I 

Series  L  are  supplied  in  insulated  ; 
metal  cases.  Series  S  are  supplied  in  j 
unbreakable,  molded  plastic  enclosures,  i 
.\11  types  are  miniature  in  outside  di-  | 
mensions  and  the  largest  unit  weighs 


Instrument  and  Relay 
Rectifiers 


-a- 


N5W  YO«<  CITY*  ,N. 


M  AX  r F.U  Tl  ltl Xti  COM  P AX Y 
1310  XOIITII  XIXTII  STREET 
SPRIXOFIELO.  ILLIXOIS 


ing  and  quick  opening  of  the  contacts, 
in  addition  to  slow  closing,  slow  open* 
ing  contacts  and  quick  closing,  slow 
opening  contacts.  The  tube  is  filled 
with  an  inert  gas,  which  cools  and 
quenches  the  arcing  and  therefore  is 
suggested  for  use  where  dust  and  dirt 
are  present  and  in  moist  and  explosive 
fumes.  The  hermetically  sealed  mer¬ 
cury  time  relay  is  unaffected  by  ele¬ 
ments  which  might  oxidize  and  disin¬ 
tegrate  the  contacting  materials. 
These  relays  are  available  up  to  75 
amp  capacity  with  solenoids  wound 
for  any  voltage  and  frequency. 

Durakool,  Inc.,  1010  North  Main  St., 
Elkhart,  Ind. 


Quick-Acting  Mercury  Relays 

New  Quick-Acting  mercury  relays, 
designated  as  BF  and  CF,  are  avail¬ 
able  for  blackouts  and  defense  applica¬ 
tions.  The  circuit  is  made  and  broken 
in  a  hermetically  sealed  chamber  under 
hydrogen  pressure.  The  relays  have  low 
contact  resistance,  are  explosion  proof, 
and  are  not  affected  by  dust,  dirt, 
moisture,  corrosion,  or  subject  to  arcing 
or  pitting  contacts.  When  the  coil  is 
energized  the  plunger  is  pulled  down 
and  displaces  the  mercury,  causing  the 
mercury  to  rise  in  the  steel  chamber 
until  contact  is  made  with  the  electrode. 


nun ...  you  esn  secure 
the  mathematical 
background  you  need 

for  the  solving  of  everyday 
eleetrieal  and  radio  problems 

Radiomen  and  electricians  know  that 
the  language  and  the  habit  of  mathe¬ 
matics  are  essential-'  tQ  them  for  real 
grasp  of,  and  progress -ha  their  chosen 
field.  They  know  that  mathematics  is  a 
tool  for  them  that  they  are  helpless 
without. 

Now  out  of  the  U.  S.  Navy  Radio 
Materiel  School  at  Anacostia  Station 
comes  a  complete  home-study  textbook 
that  is  so  thorough,  so  careful  in  its 
explanations,  so  detailed  in  its  exam¬ 
ples  that  any  reader  "who  can  perform 
arithmetical  computations  rapidly  and 
accurately  is  capable  of  mastering  the 
principles  laid  down  in  this  text. 


•NSUlATOIt  CAC 


•ooy  KSULATO* 


Improved  Photoelectric 
Controls^ 

An  improved  series  of  photoelectric 
controls  is  available  for  various  stand¬ 
ard  industrial  applications  such  as 
counting,  conveyor  control,  machinery 
safeguards,  signal  and  alarm  systems, 
motor  or  valve  control,  inspection  and 
break  detection,  as  well  as  for  special¬ 
ized  processes. 

The  controls  embody  contacts  which 
are  designed  to  handle  heavier  load? 
directly,  and  are  rated  at  10  amps  a.c., 
at  115  volts.  The  output  terminals  are 
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ceramic 
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RELAY 
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Available  in  10-,  30-  and  75-amp  sizes, 
the  relays  are  factory-adjusted  to -fast 
or  slow  opening  or  closing  or  both;  set 
to  normal  open  or  closed,  as  desired. 
The  relays  can  be  built  in  any  size  or 
kind,  including  time  delays. 


By  NELSON  M.  COOKE 

Chief  Radio  Elacfriclan,  U.  S.  Navy 
Mombar,  Institute  of  Radio  Engineers 
604  pages,  6x9,  $4.00 


SPLASH  APCON - : 

PREVENTS  OVERFLOW 


This  book  teaches  you  mathematics  from 
elementary  algebra  through  quadr(..'c  equa¬ 
tions.  logarithms,  trigonometry,  plan,,  vectors 
and  elementary  vector  algebra  with  direct  ap¬ 
plications  to  eiectrical  and  radio  problems.  It 
teaches  you  how  to  apply  this  mathematical 
knowledge  in  the  solutions  of  radio  and  circuit 
problems.  In  other  words,  it  gives  you  the 
grasp  of  mathematics  you  need  and  then  shows 
you  how  to  use  your  knowledge. 

Keep  these  S  points  In  mind 

•  lives  you  600  illustrative  your  work: 
preblems  worked  out  in 

detail:  •  bated  on  more  than  8 

years’  experience  teach- 

•  lives  ever  3000  prob.  ini  mathematics  to  U. 

Isms  for  practice,  with  S.  Navy  electricians  and 

answers  so  you  can  check  radio  operators. 

f"10  DAYS*  FREE  EXAMINATION"”': 

;  McGraw-Hill  Book  Co.,  330  W.  42nd  St.,  New  York  I 

■  Send  me  Cooke's  Mathematics  for  Electricians  and  ■ 

•  Radiomen  for  10  days'  examination  on  approvaL  In  : 
,  10  days  1  will  send  you  $4.00  plus  few  cents  postaxe.  a 

■  or  return  book  postpaid.  (We  pay  postage  If  re-  • 

•  mittance  accompanies  order.)  ■ 


IRON  PLUNEiER 


those  of  a  SPDT  switch,  for  either  nor¬ 
mally  closed  or  normally  open  opera¬ 
tion.  This  provides  for  action  either 
when  the  light  beam  is  broken  or  when 
it  is  made.  The  operating  range  of 
Type  A15  is  20  feet  with  light  source 
L30,  and  40  feet  with  light  source  L60. 
(Type  A25  is  supplied  with  light  source 
L30  for  50  foot  operation,  and  with 
light  source  L60  for  100  foot  opera¬ 
tion). 

Photoswitch  Inc.,  19  Chestnut  St., 
Cambridge,  Mass. 
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BFV- 

RELAY 
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Series  BFV  time  relays  can  be  used 
in  communication  systems  such  as  tele¬ 
phone  and  signal  work,  or  in  machines, 
motors  and  electrical  circuits  where  a 
delayed  action  is  required  before  a 
secondary  or  auxiliary  circuit  is  called 
upon  to  operate.  The  relays  also  may 
be  .used  in  recycling  operations  and 
flashing  actions.  With  a  single  relay 
unit  Tt  is  possible  to  obtain  slow  clos- 


Mulliple  Track  Souiid-On- 
Film  Reproducer 

A  NEWLY  DESIGNED  reproducer  is  avail¬ 
able  for  use  in  studio  transcriptions 
and  station  record  libraries.  It  sim¬ 
plifies  library  filing  and  storage  prob- 


Address 


City  and  State 


Position 


Compuiy' 
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lems  and  reduces  record  scratching, 
breaking  and  wear.  Duplicate  trans¬ 
criptions  can  be  made  on  the  multiple 
track  which  the  unit  utilizes.  The  unit 
has  a  capacity  up  to  five  hours  of  con¬ 
tinuous  playing  from  one  2000-foot,  5- 
t.ack,  16-mm  film  recording. 


Can  You  Use 
These  Radio  Tools? 


A  specially  developed  film  stabiliz¬ 
ing  mechanism  and  the  use  of  a  syn¬ 
chronous  motor  assure  even  sound  and 
tone  quality.  By  replacing  the  ampli¬ 
fier  and  the  speaker  of  the  reproducer 
with  a  photoelectric  unit  the  app>a- 
ratus  works  efficiently  as  a  source  of 


CREI  Technical  Training  Equips  You  With  The  Ability 
to  Hold  and  Improve  Your  NEW  RADIO  JOB! 


These  "tools”  are  the  symbol  of  the 
trained  engineer.  Knowing  how’  to  use 
and  apply  them  as  a  radio  engineer  is 
an  important  part  of  the  training  you 
enjoy  as  a  CREI  student  .  .  .  and  an 
indication  that  you  are  equipped  for  the 
better-paying  jobs  that  lead  to  secure 
futures  in  all  branches  of  radio. 

In  our  practical  radio  engineering 
couise,  you  learn  not  only  hotv  .  .  . 
but  why!  Your  ability  to  solve  tough 
problems  on  paper  and  then  follow  up 
with  the  necessary  mechanical  operation 
is  a  true  indication  that  you  have  the 
cotifiJence  born  of  knou4edge  .  .  . 
confidence  in  your  ability  to  get  and 
hold  the  new,  better  radio  jobs  that  are 
crying  for  good,  well-trained  technical 
radiomen  today. 


Here’s  what  CREI  students  say: 

"Being  employed  in  the  radio  industry  at  the 
time  of  my  enrollment,  /_  had  constant  oppor¬ 
tunities  to_  apply  my  training  to  my  daily  work, 
with  gratifying  results  both  to  myself  and  my 
employers.” 

H.  B.  Seahrook.  Station  CJOR — 39-29-12 

"/  hate  been  helped  by  the  course  far  beyond 
my  expectation  and  the  lessons  hat  e  been  par¬ 
ticularly  timely  for  me.” 

— K.  .VI.  Hollingsworth,  General  Electric  Co. 

— 12-9-5 


material  for  broadcasting.  A  selector 
dial  permits  changing  to  any  one  of 
the  five  different  sound  tracks,  even 
when  the  film  is  in  progress,  A  special 
optical  system  coupled  with  a  noiseless 
source  of  exciter  lamp  supply  and  a 
special  photoelectric  cell  makes  it  pos¬ 
sible  to  noiselessly  reproduce  all  type.s 
of  sound  tracks. 

Litho  Equipment  and  Supply  Co.,  215 
W.  Ohio  St.,  Chicago,  Ill. 


SEND  FOR  THIS  FREE  BOOKLET 


WRITE  FOR  FACTS  TODAY 
about  CREI  Home  Study  Courses 

If  you  are  a  professional  radioman 
and  want  to  make  more  money,  let 
us  prove  to  you  that  we  have  some- 
thinf  you  need  to  qualify  for  a 
better  engineerinq  job.  To  help  us  j 
intelligently  answer  your  inquiry.  j 

please  state  briefly  your  bark-  I 

ground  of  experience,  education 
and  present  position. 


Electrical  Cable  Connector 

.\  NEW  electrical  cable  connector  that 
eliminat4^  one  coupling  nut  and  one 
barrel,  'providing  a  three-piece,  split- 
shell  construction  is  now  available  to 
speed  up  assembly  and  maintenance 
work.  The  connectors  are  ea^’  to  in- 


_  CREI  STUDENTS  AND  GRADUATES.  ATTENTION!  - 

The  CREI  Placement  Bureau  is  flooded  with  requests  for  CREI  trained  radiomen. 
Employers  in  all  branches  of  radio  want  trained  men.  Your  government  wants  every 
man  to  perform  his  job,  or  be  placed  in  a  ,ob,  that  will  allow  him  to  work  at 
maximum  productivity.  If  you  are  or  wilt  be  in  need  of  re-employment  write  your 
CREI  Placement  Bureau  at  once. 


CAPITOL  RADIO  ENGINEERIN6  INSTITUTE 


E.  H.  RIETZKE.  President 

Home  Study  Courses  in  Practical  Radio  Engineering  for  Profess 
Self-Improvement. 

DEPT.  E-1,  3224  lEth  Streei,  N.  W.  Washin 

Contractors  to  the  U.  S.  Signal  Corps  and  U.  S.  Coast  Guard . . .  Producers  of  Well-Trained  Technical  Rad 


Stall,  and  are  made  of  die  cast  con¬ 
struction.  A  complete  range  of  sizes 
from  10-S  to  48  is  available.  The  con¬ 
nectors  conform  to  Army-Navy  specifi¬ 
cations. 

The  Harwood  Co.,  747  N.  Highland 
•Ive.,  Los  Angeles,  Cal. 
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^  The  Holtzer-Cabot 
Electric  Company 
-  has  long  used 
Potter  and  Brumfield 
Relays 


Uill  jlielcl 


RELAYS 


Pilot  Light  Assembly 

Series  No.  800  pilot  light  assembly  is 
for  installations  where  it  is  desirable 
to  be  able  to  insert  a  new  lamp  bulb,  at 
the  rear  of  a  switchboard  panel,  With¬ 
out  disturbing  the  electrical  wii.ng. 
The  lower  half  of  the  pilot  light  snaps 
apart  from  the  body.  Locking  pins  in 
the  spring  member  make  a  secure  as- 


PERMANENT 

MAGNETS 


yhe  A  mold  E££i££f£i£S  produces 

all  ALNICO  types  including  ALNICO  V. 

All  Magnets  are  completely  manufactured  in 
our  own  plant  under  close  metallurgical, 
mechanical  and  magnetic  control. 

'J'he  Arooiti  Fngineering  Company  freely 
offers  engineering  assistance  in  the  solution 
of  your  magnetic  design  problems. 

All  inquiries  will  receive  prompt  attention. 


which  slips  in  the  tube  holds  the  one- 
inch  jewel.  All  parts  of  the  assembly 
are  heavily  plated  and  jewel  bezel 
polished.  Pilot  lights  are  available  with 
faceted  or  plain  jewels  with  either 
miniature  screw  sockets,  candelabra 
screw  sockets,  or  miniature  bayonet 
sockets,  as  well  as  with  frosted  jewels 
with  colored  discs. 

Gothard  Mfg.  Co.,  1300  North  9th 
Street,  Springfield,  Ill. 


'pHE  Arnold  £ngineering  foMPANY 

147  EAST  ONTARIO  STREET 
CHICAGO,  ILLINOIS 

INVEST  10%  IN  WAR  BONDS  AND  STAMPS 


Heavy  Duty  Safety  Switch 

New  weatherproof,  dust-tight  heavy- 
duty  switches  are  available  in  capaci¬ 
ties  of  from  30  to  1200  amps  for  oper¬ 
ation  in  hazardous  locations  or  where 
the  use  of  regular  switches  is  hampered 
by  excessive  dust,  lint  or  unfavorable 
weather  conditions.  The  housing  of  the 
unit  consists  of  a  heavy  rubber  gasket, 
plus  a  cover-within-a-cover.  The  box 


corners  are  gas  welded  inside  and  out. 
The  unit  is  closed  by  a  simple  eyebolt 
and  wing  nut  arrangement  of  clamp¬ 
ing  design  which  protects  the  rubber 
gasket  from  excessive  pressure  caused 
by  forcing  the  wing  nuts  too  tight. 

Federal  Electric  Products  Co.,  oO 
Paris  St.,  Newark,  N.  J. 
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446  N  Grand  Avr,  LANSING,  MICH.,  U  S  A, 


Hot  Stamping  Outfit  For 
Marking  Crystal  Holders 


GREATER  POWER 


A  HAND  PRESS  which  can  be  plugged 
into  a  light  socket  and  which  can  be 
operated  by  unskilled  help  is  available 
for  marking  crystal  holders  or  small 
pilugs.  The  machine  consists  of  a 
powerful  arbor  press  operated  by  a 
handwheel.  In  the  ram  of  this  press  is 
assembled  a  complete  automatic  stamp¬ 
ing  unit  together  with  an  electronic 
cartridge  heating  unit  and  a  thermome¬ 
ter  control. 

A  white  or  other  color  transfer  tape 
automatically  feeds  under  the  mark¬ 
ing  type  or  dies  at  each  stroke  of  the 
press,  placing  a  mark  in  contrasting 
color  on  the  crystal  holder.  The  hot 
stamping  head  may  be  interchanged 
for  a  two-line  holder  with  type  for 
stamping  metal  name  plates.  The  press 
outfit  is  suitable  for  cold  stamping  of 
name  plates,  plastic  name  plates,  etc., 
and  in  switching  from  hot  to  cold 


lEHIND  THE  WAR  EFFORT! 

With  enlarged  plant  and  facilities, 
INSULINE  is  putting  vastly  increased 
effort  behind  the  manufacture  of 
these  Electronic  Products  and  Parts 
for  the  Armed  Services: — 

•  Metal  Cabinets,  Chassis. 
Panels  *  Metal  Stampings 

•  Plugs  and  Jacks  •  Com¬ 
pletely  Assembled  Screw  Ma¬ 
chine  Products  •  Hardware 
and  essentials  • 

Antennas 

"Walkie  Talkies".  / 

Mfrs.  and  Con-  i 

tractors:  Send  / 
specifications  for  / 

Write  for  tbss 
12-page  Indus- 
triid  Catalog 


for  Fast,  Accurate, 
Wide-Range  Testing 


CORPORATION  OF  AMERICA 

INSULINE  BUILDING 

(36-02  35lh  AVENUE) 

LONG  ISLAND  CITY,  N.Y. 


Test  aircraft  instruments,  radio 
receivers,  transmitters,  bat¬ 
teries,  wire,  metals  and  various 
devices  over  a  wide  controlled 
temperature  range  with  the 
KOLD  -  HOLD  “Hi  -  Low”  ma- 
chine. 


An  unusually  large  working 
space,  combined  with  a  wide 
Thermopane  paneled  door,  of¬ 
fers  maximum  workability  and 
visibility.  Optional  door  and 
hand  hole  arrangements  avail¬ 
able. 


stamping  it  is  only  necessary  to  dis¬ 
connect  the  tape  feed  lever.  A  depth 
control  plate  on  the  front  of  the  ram 
enables  an  operator  to  set  the  press 
for  consistently  uniform  marking.  For 
stamping  various  sizes  of  parts  or  of 
irregular  shapes,  special  fixtures  are 
available  with  this  outfit  which  is 
known  as  “Hercules”  No.  3  Hot  Stamp¬ 
ing  Outfit. 

The  Acromark  Corp.,  323  Morrell 
Street,  Elizabeth,  N,  J. 


KOLD-HOLD  engineers  are 
ready  and  willing  to  show'  you 
how  to  use  the  “Hi-Low”  ma¬ 
chine  to  best  advantage  in 
meeting  today’s  demand  for 
speed  in  production  at  no  sac¬ 
rifice  in  precision.  Send  for 
complete  details,  now. 


Molded  Iron  Cores 


New  MATERIA1.S  recently  developed  have 
resulted  in  the  introduction  of  molded 
iron  cores  which  show  good  character¬ 
istics  at  frequencies  as  high  as  150 
and  175  Me.'  A  permeability  of  ap¬ 
proximately  5  is  combined  with  high  Q 
to  match  the  needs  of  present  day  high 
frequency  equipment.  The  units  have 
uniform  qualities.  Other  cores  are 
available  for  frequencies  up  to  50  Me. 
Engineering  details  on  any  type  will 
be  sent  upon  Request  from  Stackpole 
Carbon  Co.,  St.  Marys,  Pa. 


CLOSE  DIMENSION  TOLERANCE 

UniTcnal  "dry  process"  porcelain  can  be 
molded  to  close  dimension  tolerances.  This 
advantage  oUen  permits  simplification  in 
design  of  current  carrying  elements  and 
parts.  Likewise  true  to  dimension  porcelain 
eliminates  assembly  delays.  Hove  your 
electrical  products  been  analysed  recently 
by  a  porcelain  engineer?  Send  blueprints 
and  specifications  to  Universal  now! 


NEW  TORK  —  1819  Broadway — Circle  6309? 
CHICAGO  — ?01  N.  WellN  —  Randolph  3986 
LOS  ANGELES— 1015  W.  Second— Mich.  4989 


CLAY  PRODUCTS  CO. 

T  ST.  SANDUSKY.  OHIO 
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Exhauster  and  Blower 

A  SMALL,  PORTABLE  unit,  designated  as 
“Octopus,  Jr.”  eliminates  gasses  and 
fumes  from  closed-in  places  such  as 
welding  rooms,  tunnels,  vaults  and 
basements.  It  is  powered  by  a  %-hp 
ball  bearing  motor  and  operates  in  any 
position.  Its  suction  and  blowing  ca¬ 
pacity  is  rated  at  2000  CFM.  The 


•  Ar*  tronsformara  a  part  of  yotir 
manufacturing  problem*?  Then  get  in 
touch  with  Acme  Electric  and  free  your 
mind  and  your  plant  of  tranaformer 
production  worrie*.  We're  tronaiormer 
apeclaliata.  Thouaond*  of  apecial  deaign* 
have  been  produced  in  Acme'a  three 
plant*  for  hundred*  of  tranaiormer  uaera. 
We  offer  War  Product*  Manufacturer* 
all  facilitie*  and  a  complete  organization 
to  produce  quickly  to  high  quaiity  atand- 
ard*.  Your  apecial  tranaiormer*  can 
probably  be  produced  in  jiq-quick  time 
by  adapting  and  utilizing  tool*  and  dies 
from  the  hundreds  in  stock  ready  to  work 
for  you. 


Everything  you  need  in 
Electronics  and  Radio 
is  available  from  this 
one  central  source.  Our  large, 
complete  stocks  of  over  15,000  items 
speed  delivery.  Our  experienced  staff 
solves  your  problems.  Write,  wire,  or 
phone  Haymarlcet  6800. 

FREI— New  Allied's  Radio 
Formula  and  Data  Book 

Pocket  sized.  Contains  essential  Formulas,  Tables,  Dale 
and  Standards  commonly  used  in  Radio  end  ElectrooKs 
Free  to  Engineers,  Purchasing  Agents  and  Produetton 
Men.  Write  on  Company  letterhead  for  your  copy 

ALLIED  RADIO  CORP. 

833  W.  Jockson  Blvd.  •  Dept.  24-A-3  •  Chicoge 


blower  has  adapters  for  three  4-inch 
nozzles  or  for  four  3-inch  nozzles  of 
flexible  hose.  Caps  are  provided  to 
close  nozzles  not  in  use.  Each  4-inch 
hose  is  of  20-foot  length,  and  will  ex¬ 
haust  250  CFM,  and  each  3-inch  hose 
will  exhaust  over  200  CFM.  The  en¬ 
tire  unit  can  be  hung  into  a  small  man¬ 
hole.  Weight  •  of  ” this  exhaust-blower 
is  70  pounds. 

Chelsea  Fan  &  Blower  Co.,  Inc,,  1206 
Grove  St.,  Irvington,  N.  J. 


Audio  transformers,  Driver  transformers,  In¬ 
terstage  transformers,  Reactors,  Input  trans¬ 
formers,  Power  transformers,  Plate  Supply 
transformers,  Filament  and  Rectifier  trans¬ 
formers  produced  by  Acme  for  prime  con¬ 
tractors. 


Products  for 
The  Assembly  Line 


IRON  GORES 


Here's  a  design 

Har*'*  an  Acm«  air- 
coolad  daaign  that 
can  b*  adaptad  to  a 
wide  ranga  of  ap¬ 
plication*.  Maybe 
the  apecial  charac- 
teriatica  of  the  trana- 
formara  you  need 
can  utilize  the  tools 
that  build  thia  de¬ 
aign. 


Electric  Solder  Iron  Stand 
and  Accessory 

Two  Aids  to  production  soldering  are 
Type  SS2  electric  solder  iron  stand  and 
Type  B  background  card  holder  acces¬ 
sory  for  use  with  Type  SS2  iron.  The 
stand  (Type  SS2)  enables  an  operator 
to  use  both  hands,  does  away  with  dis¬ 
comfort  from  fumes  and  heat  by  means 
of  a  chimney,  and  gives  a  clear  magni¬ 
fied  view  of  small  parts  and  fine  wires 
which  are  to  be  soldered.  Rubber  bump- 


EXC^JSIVELY  quality  magnetic 
cores  for  all  radio  controlled  ap¬ 
paratus — comply  with  the  moat  rigid 
U.  S.  Government  specifications;  for 
high  "Q".  high  resistance,  and  rust- 
proofing.  Submit  your  R.  F.  or  I.  F. 
coil  problems  for  our  engineering  col¬ 
laboration.  Samples,  quotations,  speci¬ 
fications  submitted. 

100?o  on  victory  orders  for  war  equip¬ 
ment  contractors. 

FERROCART  CORP.  OF  AMERICA 

Plant  and  Laboratory 
Hastings-on-Hudson,  N.  Y. 

Chicago:  149  W.  Ohio  St.  Tel:  Whitehall  7620 
Los  Angeles;  1341  S.  Hope  St.  Tel:  Richmond  9121 


This  compound-  * 

filled,  high  voltage  second¬ 
ary  transformer  is  only  one  of  a  series 
of  designs  originolly  built  for  Lumi¬ 
nous  Tube  sign  and  Cold  Cothode  light¬ 
ing  applications.  Do3S  your  need  com¬ 
pare  with  the  serviceability  of  such 
applications?  Write  Acme  today. 


THE  ACME  ELECTRIC  i  MEG  CO 

31  Water  Street  Cuba,  New  Yorl 


Type  SS2  Solder  Iron  Stand 
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CARTER  SOLVES 


For  mmnj  years.  Carter  Dynamotora  hare  been  a  familiar  part  of  the 
specificsktioM  of  leading  Commonicatima  Equipment  Manufacturers, 
P olice  Departments,  Goremment  Agencies,  etc.  May  we  suggest  you 
submit  your  Dynamotor  requirements  too,  and  see  for  yourself  the 
reason  for  this  recognized  preference. 

The  latest  cataloc  of  Carter  Dynamotors,  Converters,  Permanent  Macnet  Generators 
and  Dynamotors,  and  special  rotary  equipment  will  be  sent  upon  request. 


ySUND^RIBER 

SOUND  RECORDING  and  REPRODUCTION 

all  5  ^ccUune^: 

Perfected  embossed  groove  recording. 

Excellent  communications  fidelity. 

Proved  constant  angular  velocity. 

Thirty  minutes  on  a  7"  plastic  disc,  using  both  sides. 

Virtually  indestructible  discs,  only  .010"  thick  .  .  , 
mailable,  fileable,  non-warping. 


ers  are  built  onto  tne  edge  oi  tne  nood 
to  protect  the  operator’s  wrists.  Five- 
inch  diameter  magnifiers  are  available 
with  2-,  4-  or  6-power  lenses,  or  with 
i-inch  plate  glass  if  desired.  Extra 
lenses  are  available  at  low  cost.  The 
work  is  evenly  illuminated  by  means  of 
two  bright  lamps  and  a  matte-white 
reflector  surface  which  are  located  un¬ 
der  the  hood. 


Specially  designed  mobile 
aircraft  and  reference  Sound 
Scribers  now  in  use  by  the 
Army  and  Navy. 


Type  B  Card  holder 


Type  B  card  holder  accessory  simpli¬ 
fies  the  soldering  of^sjnall  parts  by  pro¬ 
viding  a  uniformly ‘'white..background 
against  which  the  operator  views  his 
work.  Since  the  card  is  placed  in  a 
position  where  the  operator  can  see  it 
continuously,  a  diagram  of  connections, 
or  instructions,  may  be  written  on  the 
card. 

Photobell  Corp.,  116  Nassau  Street, 
New  York,  N.  Y. 


All  models  exception¬ 
ally  compact  and 
light  in  weight.  Port¬ 
able  units  os  light  os 
12  pounds. 


THE  BASIC 
SOUNDSCRIBER 
CHASSIS 


The  i^UND^RIBER  Corporation 

82  Audubon  Stroot,  New  Haven,  Conn.,  U.  S.  A. 


Bonding  Rings 

New  bonding  rings  which  have  been 
used  mainly  in  bonding  shielded  radio 
and  instrument  circuits  in  aircraft  ap¬ 
plications  may  be  used  in  other  places 
where  a  tight  bond  is  required  between 
plug  shell  and  wire  shielding.  The 
rings  may  be  used  with  either  a  flexible 
conduit  coupling  nut  or  cable  clamp. 
The  rings  are  desigpied  to  fit  a  variety 
of  conduit  nuts,  and  are  adaptable  to 
the  manufacturer’s  types  AN  and  K 
connectors. 

The  wire  shield  is  separated  from  the 
wire  by  drawing  the  latter  through  a 


pierced  hole  in  the  shielding.  The 
tongues  on  the  bonding  ring  are  then 
formed  around  the  shielding  pigtail  and 
soldered.  Since  the  unit  is  made  of 
soft  copper,  all  excess  lengths  of  tongue 
may  be  cut  away.  The  soldered  connec¬ 
tion  is  protected  by  insulation  material 
(such  as  plastic  tube  or  friction  tape) 
to  prevent  any  stray  wires  of  the 
shielding  braid  from  rupturing  the  in¬ 
sulation  of  other  wires  and  causing  a 
short  circuit. 

Cannon  Electric  Development  Co., 
3209  Humboldt  St.,  Los  .\ngeles.  Cal. 


1606  Mllwaukoo  Ar*.  Carter,  a  well  known  name  In  radio  for  o<rer  twenty  yean.  Cable:  Genemotor 
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mAKPpW&t^. 

and  Motor  Pow^ 


The  number  of  men  in  a  plane  or  tank 
crew  is  kept  to  a  minimum.  Each  man  has  ' 
his  job  to  do.  This  minimum  of  manpower  re-  \L 
quires  a  maximum  of  motor  power . . .  motor-con- 
trolled  apparatus  that  operates  at  the  touch  of  \1 
a  finger  and  functions  with  utmost  accuracy.  Eicor  \  j  I 
D.  C  Motors  have  been  developed  to  a  high  degree 
of  efficiency.  They  are  remarkably  light  in  weight  for 
power  output — thoroughly  reliable — and  are  used  to 
actuate  instruments,  turrets,  fire  control  and  other  criti¬ 
cal  equipment.  This  advanced  engineering  is  your  assur¬ 
ance  of  better  motors  at  lower  cost  tomorrow! 


]Ed®®is  Dm®.  1501  W.  Congress  St.,  Chicago,  U.S.A. 

DYNAMOTORS  •  D.  C.  MOTORS  •  POWER  PLANTS  •  CONVERTERS 

Export:  Ad  Auriema,  89  Broad  5t.,  New  York,  U.  S.  A.  Cable:  Auriema,  New  York 


"Right  Down 
Our  Alley" 

Contributing  to  the  war  effort,  Astatic 
Corporation  facilities  are  being  utilized  to¬ 
day  mainly  In  the  manufacture  of  essential 
products  requiring  special  engineering  skill 
and  precision.  Among  these  are  Aircraft 
Radio  Plugs  and  Sockets,  as  illustrated. 


along  with  complete  Co-axial  Cable  (con¬ 
centric)  connectors,  and  similar  equipment 
for  the  U.  S.  Army  Air  Corps  and  the 
Navy.  The  tooling  and  assembly  of  deli¬ 
cate,  precision  products  of  this  type  comes 
naturally  to  Astatic  workers,  long  experi¬ 
enced  In  the  manufacture  of  Microphones 
and  Pickups  for  radio,  public  address  and 
phonograph  equipment.  Wartime  produc¬ 
tion  of  this  kind  Is  "right  down  our  alley." 


Dust  Collecting  Bench 

New  High  Pressure  axial  flow  fan  and 
heavy  duty  viscous  filters  are  incoriio- 
rated  in  the  design  of  a  new  portable 
dust  collecting  bench  which  comes  in 
sizes  as  low  as  20  inches  in  height.  The 
bench  was  designed  as  an  aid  to  pre¬ 
vent  fine  abrasive  dust  from  snagging 
operations  or  injuring  precision  machin¬ 
ery  or  workman,  as  well  as  to  assist  the 
workman  to  reach  all  parts  of  heavier 
castings  while  in  a  comfortable  working 
position.  Castings  or  parts  placed  on 
work  surface  of  the  bench  are  sur¬ 
rounded  by  a  smooth  and  positive  down 
flow  of  air  which  is  supplied  by  a  self, 
contained  downdraft  unit  for  carrying 
away  and  filtering  the  dust  from  the 
operator  and  from  snagging,  polishing, 


grinding  or  any  flexible  shaft  or  hand 
tool  operation.  Large  pieces  of  the  very- 
heaviest  particles  are  collected  in  the 
upper  tray  of  the  bench,  heavy  particles 
in  the  base,  and  fine  and  dangerous 
dusts  in  the  heavy  duty  viscous  filters. 
Clean  air  drawn  through  the  down- 
draft  is  returned  to  the  workroom.  The 
bench  operates  on  a  single-  or  three- 
phase  electric  line  and  no  piping  con¬ 
nections  are  required  to  install  it. 
Benches  may  be  furnished  with  wooden 
gratings  where  the  softer  metals  are 
being  worked.  The  whole  unit  is  com¬ 
pletely  accessible  for  cleaning  purposes. 

Wolverine  Equipment  Co.,  Cam¬ 
bridge,  Mass. 


Soldering  Iron 

An  Improved  Soldering  iron  is  avail¬ 
able  in  80,  100,  150,  175  and  200  watt 
sizes;  tip  sizes  come  in  i,  i  and  8 
inches.  This  hatchet  or  offset  type  of 
iron  has  all  the  features  of  the  manu¬ 
facturer’s  plug  tip  irons,  and  in  addi¬ 
tion  it  gives  better  balance  on  certain 
soldering  operations,  and  reduces  op¬ 
erator  fatigue.  The  accessory  is  Un¬ 
derwriter’s  approved  and  meets  Navy, 
.Air  Corps,  Signal  Corps  and  Treasury 
Dept,  specifications.  The  elements  of 
the  iron  are  replaceable. 

Hexacon  Electric  Co.,  161  W’.  Clay 
Ave.,  Roselle  Park,  N.  J. 
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Brake  and  Shear 

New  and  Larger  Models  of  precision 
machines  for  die-less  duplicating  have 
been  added  to  the  manufacturer’s  line 
of  such  equipment.  The  first  of  these 
is  Di-Acro  Shear,  No.  2,  which  gives  a 
shearing  capacity  of  9  inches  in  width 
in  comparison  to  the  older  model,  shear 
No.  1  with  a  shearing  capacity  of  6 
inches.  The  second  product  is  Di-Acro 
brake.  No.  3  which  has  greater  capacity 
than  the  manufacturer’s  older  models. 

No.  1  and  No.  2,  in  the  6-  and  12-inch 
sizes.  Both  the  shears  and  the  brake 
are  used  mainly  for  the  fabrication  of 
small  precisely  shaped  parts  required 
in  the  construction  of  electrical,  com¬ 
munication,  radio  and  time  control  de¬ 
vices  for  aircraft,  tanks  and  marine 
equipment. 

Shear  No.  2  is  a  rugged  unit  suitable 
for  precision  work  on  light  and  medium 
weight  metals  and  materials  that  can 
not  otherwise  be  rapidly  worked  to 

^  Torque  Wrenches 

Torque  Measuring  wrenches  which 
range  in  size  and  capacity  from  small 
'  instrument-building  wrenches  of  a  few 

inch-pound  capacity  to  two-handled 
t  torque  wrenches  of  7200  inch-pound 

v.  capacity  are  available  for  use  in  manu- 

facturing  and  inspection  departments. 

^  These  wrenches  are  for  gaging  or  meas- 

uring  tortional  force,  as  in  equalizing 
>  '  a  set  of  screws,  or  nuts,  by  tightening 

..  to  a  predetermined  torque;  or  for 

I'  measuring  the  frictional  drag  in  mo- 

^  "*  *  tors  or  mechanisms.  The  eight  models 

which  are  available  are  of  the  flat 

tapered  beam  type  with  fixed  end  and 
Shear  No.  3  scales,  and  are  guaranteed  by  the 

manufacturer  to  retain  their  accuracy, 
accurate  tolerances,  with  a  hand-op-  Sturtevant  Co.,  Addison,  Ill. 

erated  scissors-shear,  or  with  a  heavy 
font  operated  floor-type  shear.  It  can 
be  quickly  arranged  for  shearing, 
squaring,  slitting,  stripping  or  notch¬ 
ing.  All  ductile  and  pliable  materials 
and  metals  (including  spring  tempered 
metals,  fabrics,  plastics,  leathers,  rub¬ 
ber  and  very  light  tissues)  can  be  accu¬ 
rately  worked  without  having  to  pre¬ 
pare  blanking  and  forming  dies. 

Power  driven  shears  can  be  furnished 
as  a  complete  unit  with  shear,  counter¬ 
shaft  and  motor  mounted  on  a  rigid 
floor-type  stand.  The  shear  has  a  guar¬ 
anteed  accuracy  to  a  tolerance  of  0.001 
inch  in  all  duplicating  work. 

Di-Acro  brake.  No.  3,  is  constructed 
to  allow  contact  surfaces  to  be  readily 
removed  for  changes  or  replacement. 

Folding  plates  of  the  brake  are  hard¬ 
ened  and  heat  treated  to  resist  wear. 

Complete  adjustments  of  all  contact 
surfaces  are  provided,  allow’ing  vertical 
and  horizontal  adjustment  for  ac¬ 
curately  duplicating  either  obtuse  or 
acute  angles,  as  permitted  .by  natural 
working  radii  over  the  entire  capacity 
range  of  material  formed.  Precision 
adjustable  stops  are  provided  for  hold¬ 
ing  to  die  tolerances,  the  degree  of 
angularity  in  all  duplicated  work.  Ad¬ 
justable  bolts  are  provided  with  lock 
.«crews.  Forming  work  involving  two 
or  more  different  operation  on  a  single 


Brake  No.  3 


part  may  sometimes  be  worked  in 
sequence  with  ample  folding  surface. 
Guaranteed  accuracy  of  the  brake  is 
also  rated  at  a  tolerance  of  0.001  inch 
in  all  duplicating  work. 

O’Neil-Irwin  Mfg.  Co.,  Minneapolis, 
Minn. 


Lives  depend  on  war  jobs . . 
clean,  snappy,  no-blot 
drawings  are  vital 

Lives  are  more  important  than  pennies 
-the  way  to  save  lives  in  this  war  is  to 
speed  production.  Clean,  snappy  blue¬ 
prints  help  . . .  they  keep  production  going 
top  speed.  Use  Arkwright  Tracing  Cloth. 
This  strong,  uniform,  specially-processed 
cloth  is  built  for  accurate,  high-speed  pro¬ 
duction.  Run  Arkwright  through  the  blue¬ 
print  machine  time  after  time  -  it  doesn’t 
tear,  fray  or  curl.  Don’t  risk  vital  war  draw¬ 
ings  with  tracing  cloth  that  may  become 
brittle  or  opaque  with  age.  Arkwright 
permanency  is  an  inexpensive  guarantee 
of  perfect  work.  Specify  it  next  time. 
Arkwright  Finishing  Co.,  Providence,  R.  I. 


Hand-Die  Installation  Tool 

Three  Perfect  Crimps  can  be  made 
at  one  time  by  a  new  “hand-die”  in¬ 
stallation  tool  when  it  is  used  with  the 
manufacturer’s  “diamond-grip”  solder¬ 
less  insulation  support  terminal.  It  was 
designed  to  cut  down  training  periods 
for  unskilled  workers. 

The  tool  works  by  means  of  an  in¬ 
sertion  guage  w'hich  automatically  posi¬ 
tions  the  terminals.  The  crimping  jaws 
for  both  wire  and  insulation  are  in 
reality  dies  of  tool  steel  which  are  ad¬ 
justable  to  accommodate  various  in¬ 
sulation  and  wire  diameters.  The  15- 
to-1  leverage  on  the  self-opening 
handles  provides  easy  operation.  When 
the  jaws  are  closed  tightly,  a  good 
crimped  connection  is  made  and  there 
is  no  choice  of  pressure  necessary  by 
the  operator.  Army  and  Navy  wire  sizes 
are  marked  on  the  tool,  which  can  be 
quickly  made  left  or  right-handed  as 
needed. 

Bulletin  No.  18  describes  more  thor¬ 
oughly  both  the  insulation  support 
terminal  and  the  hand-die  tool. 

Aircraft-Marine  Products,  Inc.,  Dept. 
B.,  286  North  Broad  Street,  Elizabeth, 
N  J. 
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Write  today  for  illustrated 
literature  describing  the 
complete  IN-RES-CO  line  of 
specialized  resistors  —  each 
application  designed  for  a 
specific  requirement. 


TYPE  DB  (at  top).  I  Watt,  Non- 
inductive,  Standard  tolerance 
'/z%.  Maximum  resistance  I  meg- 


X  The  increasing  importance 
of  IN-RES-CO  resistors  in 
critical  ordnance  applica¬ 
tions,  substantiates  the  great 
responsibility  placed  on  their 
proper  functioning  at  all 
times.  Leading  engineers 
emphasize  the  fact  that  "a 
job  is  being  done  by  IN- 
RES-CO  units  where  a  high 
degree  of  accuracy  must  be 
maintained. 


high. 


TYPE  DL  (bottom),  I  WaH,  Non- 
inductive,  Standard  tolerance 
1/2%,  Maximum  resistance  I  Meg¬ 
ohm,  Size  y%''  diam.  x  %"  high. 


INSTRUMENT 
RESISTORS  COMPANY 

25  AMITY  ST  ,  LITTLE  FALLS,  N.  J. 


Solderless  Flag  Terminal 

Solderless  fiag  type  terminals  may 
be  used  to  stack  a  series  of  parallel 
terminal  connections  on  a  single  stud 
block  without  loss  of  space  or  electrical 
conductivity.  The  manufacturer  states 
this  is  made  possible  by  a  unique  de¬ 
sign  plus  a  sufficiently  flexible  tongue 
to  permit  multiple  stacking  after  wir¬ 
ing.  These  terminals  may  be  used  for 
either  right  or  left  hand  application 


since  the  terminal  barrel  is  symmetri¬ 
cally  located  with  respect  to  the  plane 
of  the  tongue,  eliminating  the  neces¬ 
sity  of  distingfuishing  between  and 
stacking  two  different  terminals.  These 
new  terminals  (for  wire  sizes  22  to 
10)  are  pure  copper  and  hot  electro- 
tinned  for  maximum  corrosion  resis¬ 
tance.  The  terminals  are  crimped  on 
the  wire  with  hand,  foot  or  power 
tools. 

Aircraft-Marine  Products  Inc.,  Dept. 
B.,  286  N.  Broad  Street,  Elizabeth, 
N.  J. 


Diminutive  Rings 

These  V RINGS  are  made  of  sheet  stock  i 
(to  take  advanta&re  of  nroner  cfrain  1 


INRES-CO 


washers  retain  good  structural  and 
tensile  strength.  The  rings  are  avail¬ 
able  in  a  0.035  inch  wall  thickness, 
and  in  stock  thickness  of  0.090  inches. 

N.  S.  Baer  Co.,  9  Montgomery  St., 
Hillside,  N.  J. 


An  authoritative  booklet 

.  .  .  illustrating  and  describing  the  latest 
developments  in  testing  and  control  equip¬ 
ment  for  all  conditions  of  temperature,  hu¬ 
midity  and  vacuum. 

High  Altitude  Chambers 
Constant  and  Variable  Temperature  Baths 
Humidity  Chambers 
All-Weather  Rooms 

Engineering  specifications  for  more  than 
eighty  installations  are  shown  in  this  Book¬ 
let  that  will  be  mailed  to  you  on  request. 
TIN  NEY  Please  address  Dept.  E-1. 

\  S  TENNEY 

ENGINEERING.  INC. 

8  Elm  St.  Montclair,  N.  J. 


JONES 

BARRIER  STRIPS 

SOLVE  MOST  TERMINAL 


PROBLEMS 


A  compact,  sturdy  terminal  strip  with 
Bakelite  Barriers  that  provide  maxi¬ 
mum  metal  to  metal  spacing  and  pre¬ 
vent  direct  shorts  from  frayed  wires 
at  terminals. 

6  SIZES 

cover  every  requirement.  From 
wide  and  13/32"  high  with  5-40  screws 
to  21/2"  wide  and  ll/g"  high  with 
*/l"-28  screws. 

Jones  Barrier  Strips  will  improve  as 
well  as  simplify  your  electrical  intra¬ 
connecting  problems.  Write  today  for 
catalog  and  prices. 


HOWARD  Be  JONE^ 

2300  WABANSIA  AVENUE,  t 
CHICAGO  ILLINOIS' 
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Literature 


f^auzcjfinaf  automatic  electric 

RELAYS  from  SUEZ  #o  the  SOLOMONS 


R-F  Apparatus.  In  this  booklet  stand¬ 
ard  types  of  Polyiron  components  are 
described.  The  devices  described  and 
illustrated  in  Inductor  Catalog  942  are 
Tvpe  A  adjustable  coupling,  mica  tunad 
i-f  transformers,  Type  G  tuned  i-f 
transformers,  Type  GA  air  tuned  i-f 
transformers  with  adjustable  coupling. 
Type  GH  air  tuned  i-f  transformers 
with  band  expansion,  permeability 
tuned  transformers.  Type  C  midget  i-f 
transformers,  wave  traps,  choke  coils, 
resonators,  acorn  tube  socket  problems. 
In  Core  Catalog  1042  small  molded 
cores  for  fixed  inductors,  small  molded 
cores  for  adjustable  inductors,  small 
permeability  tuning  cores,  large  cylin¬ 
drical  cores,  core  assemblies  for  com¬ 
pletely  enclosed  inductors  and  large 
toroidal  cores  are  described.  Included 
in  Catalog  1042  is  a  table  of  compara¬ 
tive  data  which  proves  useful  in  se¬ 
lecting  a  suitable  grade  of  ferro-mag- 
netic  material  from  which  a  core  is.  to 
be  molded.  Both  catalogs  may  be  ob¬ 
tained  from  Aladdin  Radio  Industries, 
Inc.,  Chicago,  Ill. 


This  is  a  war  of  electrical  control — and  we’d 
like  to  tell  you  about  the  scores  of  ways  in 
which  Automatic  Electric  Relays  are  helping 
the  armed  forces — in  tanks,  aircraft,  ships  and 
guns.  But  the  telling  might  give  aid  to  the 
enemy,  so  this  interesting  story  will  have  to 
wait. 

Meanwhile,  if  you  are  designing  or  building 
war  products  that  use  electrical  control,  you 
can  save  time  and  effort  by  calling  in  the 
Automatic  Electric  field  engineer  nearest  you. 
He  will  be  glad  to  work  with  you  in  selecting 
the  apparatus  best  suited  to  your  needs. 

Ask  him  also  for  our  80-page  catalog  de¬ 
scribing  the  complete  line  of  Automatic  Elec¬ 
tric  Relays,  Switches  and  other  control  ap¬ 
paratus.  No  other  b(H»k  treats  the  subject  so 
completely.  Or  wri:e  to  us  direct;  and  we’ll 
forward  a  copy  promptly. 


AMERICAN  AUTOMATIC  ELECTRIC  SALES  COMPANY 

1033  Wttf  VoR  Burca  St.,  Chicago,  llllNois 


Dynamotors.  Catalog  No.  100  describes 
and  illustrates  dynamotors,  converters 
and  hand  generators.  Among  those  de¬ 
scribed  are;  “The  Super”  dynamotor 
for  aircraft,  marine,  police  and  all  mo 
bile  radio  equipment,  “The  High  Vol¬ 
tage  Super”  dynamotor  for  light  weight 
aircraft,  marine,  and  special  com 
munication  equipment,  “The  Multi- 
Output  Super”  rotary  transformer  for 
light  weight  aircraft,  police,  special 
marine  and  mobile  transmitter  and  re¬ 
ceiver  equipment,  “The  Original  Gene- 
motor”  for  two-way  police  radio,  amp¬ 
lifiers,  FM  and  small  aircraft  communi¬ 
cations,  “The  Magmotor”  for  police 
radio  receivers,  small  aircraft  trans¬ 
mitters,  portable  life  saving  device  and 
field  communication  equipment,  “The 
Magmotor  Hand  Generator”  for  port¬ 
able  field  communications,  emergency 
aircraft  and  marine  life  saving  devices 
and  special  emergency  units  and  “The 
Super  Converter”  for  converting  d.c.  to 
a.c.  for  marine  radio,  testing  equip¬ 
ment,  small  signs,  amplifiers  and 
phonographs.  Also  included  in  the 
catalog  are  performance  sheets  and 
the  various  dimensions  of  dynamotors. 
Available  from  Carter  Motor  Co.,  1608 
Milwaukee  .4ve.,  Chicago,  Ill.  , 

Electric  Heat.  How  various  heat  prob¬ 
lems  in  industry  have  been  solved  by 
the  use  of  electric  heat;  described  in  an 
8-page  booklet  from  General  Electric 
Co.,  Schenectady,  N.  Y. 

Tube  Data  and  Interchangeability 
Chart.  Available  now  is  technical  data 
on  F-872-A.  F-857-A  and  F-869-B  half¬ 
wave  rectifier  tubes.  Also  an  inter¬ 
changeability  list  of  transmitting  and 
rectifying  tubes.  A  price  list  of  trans¬ 
mitting  and  rectifying  tubes,  which 
became  effective  on  .August  15,  1942,  is 
also  available.  Federal  Telephone  and 
Iladio  Corp.,  200  Mt,  Pleasant  Ave., 
Newark,  N.  J. 


RELAYS 


PAR-METAL 


CABINETS 
CHASSIS 
PANELS 
RACKS  . 


ELECTRONIC 

APPARATUS 


Send  specifications; 
or  write  for  our 
Cotolog  No.  41. 
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Test  Equipment  and  Material.  This 
descriptive  catalog  gives  an  idea  of 
the  instruments  the  new  Waugh  Labs 
have  available.  The  catalog  consists  of 
two  sections:  pictorial  and  instrument. 
The  pictorial  section  shows  photo- 
graphs  of  the  aviation  industry,  bridge 
engineering,  combat  materiel,  rein¬ 
forced  concrete,  marine  engineering, 
oil  industry,  railroad  field  and  steel 
structure.  The  instruments  and  testing 
machines  for  use  in  laboratories  and 
field  testing  operations  are  describtd 
and  illustrated  in  the  instrument  sec¬ 
tion.  Among  the  instruments  covered 
are  those  used  for  induced  vibrations 
and  forces,  vibration  and  noise  measur¬ 
ing,  strain  measuring,  auxiliary  tools 
for  strain  analysis,  loads,  forces  and 
shocks,  time,  space  and  movement  re¬ 
cording  and  heavy  testing.  From 
Waugh  Laboratories,  420  Lexington 
Ave.,  New  York,  N.  Y. 


COMES  THRU 

WHERE  SPECIFICATIOHS  ARE  TOUCH 


Navy  spedficd'Hons  involving  the  apparently  Impossible 
have  been  successfully  met  by  Kenyon's 
new  triumph  the||QQ«^^^|^ 

Kenyon  recently  responded  to  the  Signal  Corps  specifica- 

new  type'^H^^^Si  f**®^*- 


tIons|| 
former 

.  .  .  Well,  after  the  war  you'll  hear  all  about  It.  Until  then, 
just  remember,  where  specifications  are  toughest  you'll 
find  a  Kenyon  Transformer. 


Measuring  and  Control  Instruments. 
Bulletin  Z-6100  gives  a  condensed  list¬ 
ing  of  metisuring  and  control  instru¬ 
ments.  Unit  construction  of  tempera¬ 
ture  controllers  and  the  electronic 
principles' for  obtaining  control  with¬ 
out  contact  between  measuring  and 
control  functions  of  the  instrument  are 
described  and  illustrated.  Remote  con¬ 
trollers,  combustion  safeguard  equip¬ 
ment  and  other  instruments  are  pre¬ 
sented.  A  complete  price  list  is  also 
included.  Wheelco  Instruments  Co., 
Harrison  &  Peoria  St.,  Chicago,  Ill. 


840  BARRY  STREET 


NEW  YORK,  N. 


Selenium  Rectifiers.  Bulletin  RDP-103 
describes  and  illustrates  selenium  rec¬ 
tifiers  for  industry  utility  and  railway 
service.  The  bulletin  illustrates  and 
describes  briefly  thirty  different  types 
of  rectifiers.  Among  those  are  selenium 
rectifiers,  Balkite  tantalum  rectifiers, 
tantalum  capacitor  arrester,  and  elec¬ 
trical  contacts.  Bulletin  RDP-103  avail¬ 
able  from  Fansteel  Metallurgical  Corp., 
N.  Chicago,  Ill. 


Training  Fire  Brigades.  “The  Organ¬ 
ization  and  Training  of  Industrial 
Fire  Brigades”  is  a  book  which  can  be 
used  by  business  and  industrial  es¬ 
tablishments  as  a  safeguard  against 
the  hazards  of  fire  and  other  destruc¬ 
tive  elements.  The  price  of  the  book  is 
$1.00  and  a  special  quantity  discount  is 
offered  to  those  organizing  private  fire 
brigades  among  their  own  employees. 
Reprints  may  be  obtained  for  use  in 
connection  with  large  scale  training 
programs.  S.  C.  Toof  &  Co.,  195-201 
Madison  Ave.,  P.  O.  Box  55,  Memphis, 
Tenn. 


PLASTIC  BRANDING 
PLASTIC  MOLDING 


While  molding  and  branding  plastics  that 
serve  on  all  battle  fronts.  Rogon  is  also  pre¬ 
paring  for  the  peace  that  will  follow.  Pre¬ 
paring  to  meet  the  demand  from  peacetime 
industry  for  the  many  NEW  applicatioiu  of 
plastics.  And,  when  Peace  does  come,  get 
Rogan  facts  on  how  you  can  get  faster  pro¬ 
duction  of  plastic  parts  at  less  cost. 

Write  now  about  your  present  War  plastics 
and  future  Peace  products. 


Circuit  Breakers.  Bulletin  PR-95  cov¬ 
ers  the  PSM  circuit  breaker  or  circuit 
protector;  included  also  are  average 
performance  curves  on  PSM.  This  de¬ 
vice  has  been  approved  by  the  Army 
Air  Force,  Bureau  of  Aeronautics, 
Navy  Dept,  and  C.  A.  A.  Bulletin  PR-95 
is  obtainable  from  Spencer  Thermostat 
Co.,  34  Forest  St.,  Attleboro,  Mass. 


ROGAN  BROTHERS 


2003  South  Michigan  Avenue 


Chicago,  Illinois 
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plastics.  In  a  36-page  booklet  applica¬ 
tion  data  on  Micarta  is  given.  Micarta 
is  a  plastic  which  can  be  used  to  take 
the  place  of  many  unavailable  critical 
materials.  The  booklet  includes  test 
data  obtained  by  A.  S.  T.  M.,  tells  how 
Micarta  is  supplied,  how  it  is  graded 
and  how  it  can  be  machined  or  molded. 
Micarta  data  book  from  Westinghouse 
Electric  &  Manufacturing  Co.,  E.  Pitts¬ 
burgh,  Pa.,  Dept.  7-N. 


Labor  Arbitration  Rules.  A  revised 
edition  of  Voluntary  Labor  Arbitration 
Rules  of  Procedure,  to  meet  war  regu¬ 
lation  and  conditions,  covers  such  sub¬ 
jects  as:  Panels  of  Arbitrators;  Sum¬ 
mary  of  Procedure  with  Respect  to 
Parties,  Arbitrators  and  the  Associa¬ 
tions;  Institution  of  Proceedings;  Ap¬ 
pointment  of  Arbitrators;  Hearings 
and  Awards.  A  special  section  on  the 
arbitration  of  wage  disputes  is  in¬ 
cluded.  The  rules  are  accompanied  by 
a  manual  for  using  them.  Both  are 
available  from  American  Arbitration 
Assoc.,  9  Rockefeller  Plaza,  New  York, 
N.  Y. 

Electrical  Connectors.  This  catalog 
presents  engineering  data  and  ap¬ 
proved  mechanical  methods  for  termin¬ 
ating  aircraft  wires  and  cables.  All  the 
fittings  described  in  this  catalog  meet 
the  requirements  for  quality  and  per¬ 
formance  standards  set  up  by  the  Army 
Air  Corps  and  Navy  Department,  Bu¬ 
reau  of  Aeronautics.  The  catalog  is 
broken  up  into  five  different  sections: 
Section  1  tells  how  and  why  Sta-kon 
terminals  work;  Section  2  tells  how  and 
why  Wedge-on  terminals  work;  Sec¬ 
tion  3  describes  and  illustrates  Tite- 
bind  terminals;  Section  4  describes  and 
illustrates  bonding  jumpers  and  Sec¬ 
tion  5  describes  and  illustrates  some 
of  the  specialties  manufactured.  In¬ 
cluded  in  the  catalog  is  a  listing  of  the 
various  other  catalogs  available  upon 
request  which  give  descriptive  and  en- 
grineering  data  on  high  quality  elec¬ 
trical  material  being  made  and  used  in 
various  phases  of  the  War  Production 
Program.  TAB  Catalog  36  will  be 
sent  free  to  those  writing  requests  on 
business  letterhead  and  mentioning 
Electronics.  The  Thomas  A  Betts  Co., 
Elizabeth,  N.  J. 

Stroboscopes.  In  a  booklet  entitled 
“Eyes  for  Industry”  various  strobo¬ 
scopic  techniques  are  covered.  In  it  are 
covered  the  types  of  stroboscopes, 
qualitative  and  quantitative  measure¬ 
ments,  typcial  uses,  operating  hints 
and  techniques,  photography  and  spe¬ 
cifications.  Obtainable  from  General 
Radio  Co.,  30  State  St.,  Cambridge, 
Ma.ss. 

In  the  October  1942  issue  of  The 
General  Radio  Experimenter  is  an 
article  “Frequency  Characteristics  of 
Dt'cade  Condensers”.  The  article  cov¬ 
ers  dielectric  polarization,  residual 
impedance,  and  effect  of  using  con¬ 
densers  in  parallel.  Obtainable  from 
the  above  address. 


Plastics.  A  12-page  “Vinylite  Plastics 
for  Wire  and  Cable  Insulation”  reviews 
the  advantages  derived  from  the  use 
of  Vinylite  resin  compounds  for  wire 
and  cable  insulation  from  the  stand¬ 
points  of  installation,  service  and 
safety.  It  points  out  many  instances 
where  it  can  be  used  to  take  the  place 
of  rubber.  Included  also  are  tables 
indicating  the  physical  and  electrical 
properties  of  the  compounds  and  typi¬ 
cal  applications.  Copies  obtainable,  use 
business  letterheads  when  writing: 
Halowax  Products  Division,  30  E.  42nd 
St.,  New  York,  N.  Y. 

Tin-Base  Bearing  Metals.  Publication 
No.  Ill  presents  the  factors  governing 
the  adhesion  of  tin-base  bearing  alloys 
to  various  backing  metals,  including 
steel,  bronze,  copper,  brass  and  cast  j 
iron.  The  conditions  for  obtaining  effi-  | 
cient  bonds  are  considered  and  a  large  | 
number  of  tests  and  the  results  of  in¬ 
dividual  tests  are  described.  Copies  of 
the  paper  maybe  obtained  from  the  Tin 
Research  Institute,  Fraser  Rd.,  Green-  i 
ford,  Middlesex,  England  or  Battelle 
Memorial  Institute,  505  King  .Ave., 
Columbus,  Ohio. 


•  •  • 

Carrier  Current 
Communication 

{Continued  from  page  77) 


Clarostat  reputation  is  thoroughly  tried 
night  after  night,  in  those  bombing  plrines 
that  go  out — and  come  back. 


British  domestic  radio  as  ancillary 
service.  According  to  his  prop)osal, 
several  broadcast  program  channels 
would  operate  concurrently  with 
facsimile  transmissions.  Whether  ' 
such  a  plan  would  be  feasible  in  this 
country,  where  radio  and  the  power 
utilities  are  not  government  oper¬ 
ated,  is  a  subject  for  further  specu¬ 
lation  and  study.  Carrier  current 
broadcast,  however,  has  already 
demonstrated  its  value  for  further¬ 
ing  local  education  and  public  serv¬ 
ice.  Its  future  no  doubt  will  be  de¬ 
pendent  upon  subsequent  technical 
developments  as  well  as  on  the  public 
and  federal  needs. 
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The  maker  of  critical  navigational  instru¬ 
ments  wanted  supreme  dependability  in 
an  illumination  control.  That  control  must 
be  absolutely  immune  to  extreme  temp¬ 
erature  variations,  the  worst  humidity 
and  other  climatic  trials,  intense  vibra¬ 
tion  and  all-around  rough  usage. 

And  so  Clarostat  engineers  developed 
this  precision  dimmer.  Tapped  winding 
with  silver-soldered  connections  and 
rivets.  Silver  contact  points  lapped  to 
precise  height  above  bakelite  support. 
Silver  contact  shoe  on  phosphor-bronse 
rotor.  Cost-metal  frame  and  snug-fitting 
bushing  with  shaft.  Corrosion-proof  cas¬ 
ing.  Fussy?  Of  course;  but  right  down 
the  Clarostat  alley! 


Send  Your  Problem  to  ..  . 
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Plant  Procedure 


(Continued  from  page  63) 


a  really  high-powered 


moved  up  in  order  to  expedite  pro¬ 
duction.  This  shipping  material 
schedule  is  a  check  between  the  pro¬ 
duction  manufacturing  activities  of 
the  manufacturing  firm  and  the  out¬ 
side  firm  from  whom  materials  are 
purchased. 

The  folder  now  goes  to  active  files 
to  await  shipping  data,  or  changes, 
correspondence,  etc.,  cleared  through 
the  customers’  relations  clerk.  This 
clerk,  at  position  No.  2,  is  the  sole 
liaison  between  the  manufacturer 
and  its  customers’  expediters.  Upon 
receiving  the  3x5-inch  card  from 
the  incoming  order  department,  men¬ 
tioned  earlier,  he  files  this  under  the 
manufacturer’s  name  and  uses  it  for 
quick  reference  to  answer  telephone 
and  telegraph  inquiries  regarding 
the  status  of  the  order,  the  antici¬ 
pated  date  of  delivery,  to  discuss 
changes  in  design,  specifications,  etc. 
When  the  Planning  Department 
gives  him  its  tentative  production 
schedule  on  the  order,  he  immedi¬ 
ately  conveys  this  information  to  the 
customer.  If  the  customer  wishes  in¬ 
formation  from  a  department  head, 
the  customers’  relations  clerk  will 
clear  it.  Even  telephone  calls  are 
noted  on  forms  which  show  the 
name  of  the  person  calling,  what  the 
conversation  was  about,  and  what 
the  apswer  was.  Such  forms  go  into 
the  job  folder. 

As  mentioned  in  the  discussion  of 
the  planning  operation,  dollar  values 
of  the  daily  shipments  of  each  order 
are  entered  on  the  planning  sheets. 
From  the  planning  sheets  for  all  of 
the  25  classifications,  a  final  control 
record  is  built  at  position  No.  9. 
This  is  a  daily  report  of  all  orders 
and  shipments  according  to  priority, 
end  use,  quantity  and  value.  From 
such  a  record  it  is  a  comparatively 
simple  matter  to  secure  the  infor¬ 
mation  necessary  concerning  any 
product  or  material  for  any  given 
period. 

At  the  present  time  it  is  possible 
for  any  Alden  executive  in  a  moment 
to  tell  from  these  control  records 
what  orders  are  coming  in  or  being 
shipped  on  any  day,  what  priorities 
and  end  uses  are  involved,  the  num¬ 
ber  of  different  types  of  units  and 
their  value  manufactured  during  the 
day,  and  what  materials  were  used 
in  this  production. — b.d.  and  R.H.F. 


TIm  Library  camprlMi 
a  talacfian  of  boaki 
callad  from  laarllaf 
McCraw-HIli  pabiica- 
float  la  ffta  ra4ia 
fial4.  ' 


These  books  cover  circuit  phenomena,  tube 
theory,  networks,  measurements,  and  other 
subjects— five  specialized  treatments  of  all 
flelds  of  practical  design  and  application.  They 
are  books  of  recognised  position  in  the  litera¬ 
ture — books  you  will  refer  to  and  be  referred 
to  often.  If  you  are  a  practical  designer,  re¬ 
searcher  or  engineer  In  any  field  based  on  radio, 
you  want  these  books  for  the  help  they  give  In 
hundreds  of  problems  throughout  the  whole 
field  of  radio  engineering. 


5  volumes,  3559  pages,  2558  illustrations 

Eastman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  edition 

Terman’s  RADIO  ENGINEERING,  2nd 
edition 

Everitt’s  COMMUNICATION  ENGI¬ 
NEERING,  2nd  edition 

Hand’s  HIGH  FREQUENCY  MEASURE- 
MENTS 

Henney’s  RADIO  ENGINEERING  HAND¬ 
BOOK.  3rd  edition 


SPIeCIAL  low  price  •  EASY  TERMS 

Special  price  under  this  offer  less  than  coat 
of  books  bought  separately.  In  addition,  you 
have  the  privilege  of  paying  in  easy  install¬ 
ments  beginning  with  $3.00  in  10  days  after 
receipt  of  books,  and  $3.00  monthly  thereafter. 
Already  these  books  are  recognized  as  standard 
works  that  you  are  bound  to  require  sooner  or 
later.  Take  advantage  of  these  convenient 
terms  to  add  them  to  your  library  now. 


FOR  10  DAYS  EXAMINATION  SEND  THIS 
• . ON-APPROVAL  COUPON- . 


McGraw-Hill  Book  Co..  330  W.  42nd  St..  N.  Y. 

Send  me  Radio  Rnzineerinx  Idbrar>'  for  10  dsyx' 
examination  on  approval  in  10  days  1  will  send 
$3.00  plus  few  r«au  poktace.  and  $3.00  monthly  til' 
$24  U  paid,  or  return  books  postpaid.  (We  pav 
postase  OB  orders  accompanied  by  remittance  of 
nrst  installmaot.) 
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narvey  may  neip  to  cure  those  headaches 
caused  by  scarcities  of  certain  radio  ma¬ 
terials.  We  act  as  procurement  agents  lor 
essential  manufacturers  and  military  serv¬ 
ices. 


They  find  that  our  knowledge  of  the  held 
and  our  intimate  contact  with  sources  oi  sup 
ply  is  invaluable  in  locating  material  and  ex 
pediting  deliveries.  May  we  take  a  prob¬ 
lem  off  your  hands? 


HARVEY  RADIO  CO. 

103  W.  43  St.  New  York.  N.  Y. 


pEMClHEEBS 

lingo  Redtetorf  Neve 
exceeded  ell  efficiency 
expecfsfions.  No  wonder 
|fl|||t^rf  engineers  look  to 
^Rlingo  for  fop  efficiency 
end  manegers  ere  en- 
ttnised  by  the  increeted 
teles  made  potiibia 
by  increased  signal 
strength  end  coverage. 


Photo  show  in- 
staUation  of  the 
S50  ft.  Lingo  Tub- 
ular  Steel  Radiator  C 
at  station  WBOC, 
Salisbury,  Md.  . 
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tronic  equipment,  transmission  lines 
and  inductor  coil  are  shielded  as  a 
precaution  against  interference  to 
radio  services  such  as  broadcasting, 
airplane  beacons,  etc.  Controls  or 
switches  manipulated  during  opera¬ 
tion  are  of  the  dead  front  or  low 
voltage  type.  Interlocks  are  provided 
on  doors  to  all  compartments  in 
which  dangerous  voltages  exist. 

A  typical  circuit  schematic  for  a 
two  tube  self-excited  oscillator  with 
its  associated  mercury  vapor  recti¬ 
fier  is  shown  in  Fig.  2.  Once  the 
oscillator  and  rectifier  filaments  are 
energized  the  main  breaker  K*  is 
used  for  “on-off”  operations.  The 
induction  regulator  of  appropriate 
percentage  buck  or  boost  is  used  to 
adjust  power  outnnt  of  the  electronic 
generator.  Control  of  power  output 
may  be  made  either  manual  or  auto¬ 
matic.  The  oscillator  tubes  may  be 
either  water  or  air  cooled.  For  the 
larger  size  generators,  such  as  100 
kw  output  or  more,  water  cooling  of 
the  oscillator  tank  circuit  inductance 
LTt  and  the  inductor  coil  L,  is  de¬ 
sirable  to  minimize  losses  and  re¬ 
moving  heat  dissipated  in  these  coils. 

The  short  circuiting  breaker,  /Cm,, 
and  associated  resistances  Ri,  Ri,  and 
/?„  function  as  a  step-starting  cur¬ 
rent  limiting  device.  The  contacts 
Kio  close  within  a  few  cycles  after 
the  main  breaker  iC,.  If  a-c  overload 
occurs  relays  /C,  through  their  con¬ 
tacts  act  to  de-energize  the  holding 
coil  of  the  main  breaker,  thereby  re¬ 
moving  voltage  from  the  primary 
of  the  main  plate  transformer.  The 
d-c  overload  protection  is  by  the 
plate  current  relay  /C,  which  acts 
to  de-energize  the  main  breaker  K». 
Starters  A's  and  K^  include  thermal 
overload  protection  for  the  oscillator 
and  rectifier  filaments.  An  air  (or 
water)  protective  interlock  A'*  to 
prevent  filament  or  plate  voltage 
from  being  applied  to  the  oscillator 
tubes  unless  there  is  proper  flow  of 
cooling  water  or  air. 

Power  Rating  of  H-F  Generator 

The  power  output  rating  of  the 
oscillator  is  based  on  the  well  known 
formula  for  determining  quantity  of 
heat  which  must  be  added  to  A/ 
pounds  of  a  substance  of  given  spe¬ 
cific  heat  to  increase  its  temperature 
the  desired  number  of  degrees. 


P  =  2.93  MC:^Tx  l(r‘ 
where 

P  =  power  in  kilowatt  hours 

.Vf  =  pounds  of  materia]  to  be  heated 

C  “  specific  heat 

AT  =“  degrees  Fahrenheit  temperature  rise 

Knowing  the  time  interval  in 
which  the  heating  must  take  place 
and  making  appropriate  allowance 
for  heat  losses,  the  power  output 
rating  of  the  oscillator  may  be  de¬ 
termined. 

Future  Postibilitiet 

The  availability  of  electronic  type 
high  frequency  generators  offering  j 
adequate  power  capacity  for  indus¬ 
trial  use  is  a  comparatively  recent 
development.  New  uses  for  high 
frequency  heating  are  constantly  be-  j 
ing  discovered  as  its  potential  pos¬ 
sibilities  become  more  generally  ap¬ 
preciated.  There  are  probably  many 
processes  where  high  frequency 
heating  has  as  yet  been  unthought 
of,  where,  if  applied,  it  would  pro¬ 
duce  a  superior  product  or  effect  op¬ 
erating  economies. 
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Today,  as  American  mili¬ 
tary  might  tans  out  over 
the  globe,  radio  becomes 
an  increasingly  vital  artery 
of  communication.  New 
and  astounding  develop¬ 
ments  are  being  made 
daily.  Tomorrow,  after 
this  war  has  been  won, 
radio  communications  will 
revolutionize  our  present 
modes  of  living. 
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Photo  shows  a  radio  tower  man  at  an 
army  base  somewhere  in  the  United  States 
talking  to  pilots  in  planes  overhead 
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Electron  Microscope 

(Continued  from  page  68) 


the  peculiar  physical  properties  of 
very  thin  metallic  films.  A  micro¬ 
graph  for  example  of  an  evaporated 
silver  film  indicates  a  remarkable 
regularity  in  the  process  of  forma¬ 
tion.  Passing  over  to  more  elemen¬ 
tary  matters,  the  same  instrument 
may  be  used  to  demonstrate  why 
face  powder  sticks. 

A  field  of  constantly  increasing 
importance  is  the  chemistry  of  or¬ 
ganic  polymers,  such  as  plastics  and 
synthetic  rubbers.  While  not  much 
can  be  said  about  developments  in 
this  field  at  the  present  time,  it  ap¬ 
pears  certain  that  the  electron  mi¬ 
croscope,  will  prove  a  valuable  aid  in 
the  study  of  these  materials. 


hiofayette  is  your  COMPLETE  source  of  supply,  espe¬ 
cially  on  those  hard  to  find  Electronic,  Radio  and  Sound 
Equipment  parts  ...  no  order  too  small  or  too  large  for 
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MEDIATE  ACTION  on  deliveries!  Lafayette  personnel  is 
trained  to  work  with  your  expediters. 

If  quick  delivery  of  engineering  samples,  or  production 
quantities  is  your  problem,  write,  wire  or  phone  Lafayette. 

FREE  Buyers  Guide!' 


130  pages  indexed  for 
quick  reference  . . .  Get  your  copy  now!  Ad¬ 
dress  Dept.  1G3,  901  W.  Jackson  Boulevard, 
Chicago,  Ill. 


Three-dimensional  Micrography 

The  value  of  the  electron  micro¬ 
scope  as  an  instrument  for  the  deter¬ 
mination  of  the  shapes  and  struc¬ 
tures  of  finely  divided  matter  is 
greatly  enhanced  by  some  relatively 
simple  accessory  equipment.  To  be¬ 
gin  with,  an  ordinary  micrograph, 
whether  obtained  with  an  electron 
microscope  or  with  a  light  micro¬ 
scope,  represents  the  object  in  two 
dimensions  only,  in  effect,  it  shows  a 
projection  of  the  object  on  a  plane 
normal  to  the  instrument  axis.  The 
characteristics  of  the  object  in  the 
third  dimension,  i.e.  in  a  direction 
along  the  axis,  can  be  inferred  only 
indirectly.  On  the  other  hand,  if  the 
object  is  viewed  from  a  different  an¬ 
gle  by  each  eye,  the  brain  fuses  the 
two  images,  resulting  in  a  percep¬ 
tion  of  the  object  in  all  its  three  di¬ 
mensions.  It  is  thus  merely  neces¬ 
sary  to  obtain  two  micrographs  of 
the  same  object  inclined  by  a  small 
angle  (e.g.  4  deg.)  to  the  axis  of  the 
objective  in  two  opposite  directions 
and  to  view  these  in  an  ordinary 
stereoscope  to  obtain  the  desired 
three-dimensional  representation.  In 
the  case  of  high-power  light  micro¬ 
scope  this  is  impractical,  since 
their  depth  of  focus  is  so  small  that 
the  required  inclination  of  the  ob¬ 
ject  would  render  the  image  unsharp 
except  in  a  very  narrow  range.  The 
electron  microscope,  on  the  other 
hand,  having  extraordinarily  great 
depth  of  focus,  is  ideally  adapted 
for  this  purpose. 

To  obtain  the  two  stereo-images. 


Camara  Fans— Photographic  aquipmant  at 
lowaat  pricaal  Writa  for  complata  catalog. 
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Lead  araenate  particloa.  not  to  good  as 
an  intecticido.  are  thick  and  granular. 
X  25.000 


the  object  disk  is  inserted  at  the  bot¬ 
tom  of  a  special  object  holder,  the 
holder  is  placed  in  the  object  cham¬ 
ber,  and  a  first  exposure  is  made. 
Then  the  holder  is  taken  out  and  the 
central,  inclined,  portion  rotated 
180  deg.  about  its  axis.  After  the 
holder  has  been  reinserted  back¬ 
wards  into  the  object  chamber,  the 
second  exposure  is  made;  except  for 
a  reversal  of  its  inclination  with  re¬ 
spect  to  the  optic  axis,  the  object 
occupies  now  the  same  position  rela¬ 
tive  to  the  objective  as  in  the  first 
exposure.  The  impression  of  depth 
in  the  resulting  stereo  pictures  is 
very  striking. 

Of  even  greater  value,  especially 
for  the  chemist,  is  an  adapter,  which 
converts  the  electron  microscope  into 
a  high-precision  electron  diffraction 
camera  for  the  determination  of  the 
crystalline  structures  of  materials.^ 
This  is  accomplished  by  replacing 
the  usual  projector  lens  by  a  unit 
containing,  in  addition  to  a  mag¬ 
netic  projector  lens,  a  specimen 
holder  and  a  special  focusing  lens 
for  the  diffraction  camera.  When 
the  electron  microscope  is  used  as  a 
diffraction  camera,  the  specimen  is 
removed  from  the  object  chamber 
and  inserted  instead  above  the  spe¬ 
cial  focusing  lens.  The  objective 
serves  simply  to  form  an  exceedingly 
fine  point  image  of  the  source,  so 
that  any  part  of  the  specimen  is 
struck  by  electrons  coming  from  one 
direction  only.  The  projector  lens 
is  rendered  inoperative.  At  the  ob¬ 
ject  the  incident  electrons  are  de¬ 
flected  or  “diffracted”  through  an¬ 
gles  which  are  characteristic  of  the 
relative  separations  and  orientations 
of  the  atoms  in  the  crystal  lattice  of 
the  specimen.  The  focusing  lens 
Serves  to  concentrate  all  electrons 


deflected  through  a  given  angle  and 
in  a  given  direction  at  the  same 
point  of  the  plate. 

The  specimen  holder  of  the  cam¬ 
era  is  designed  for  a  quick  and  con-  I 
venient  transfer  of  a  specimen  from 
the  object  chamber  to  the  camera, 
so  that  the  diffraction  pattern,  giv¬ 
ing  information  regarding  the  crys¬ 
talline  structure  of  the  material, 
may  be  compared  directly  with  the 
micrograph  of  the  same  substance. 

It  is  also  convenient  for  the  study 
of  any  other  small  specimen,  be  it  ! 
either  transparent  or  opaque  to  elec¬ 
trons;  in  the  latter  case  it  must  be 
so  oriented,  that  the  electron  beam  j 
just  grazes  the  surface.  Provision  1 
is  made  both  for  moving  the  speci¬ 
men  back  and  forth  and  for  rotating  ! 
it  after  it  has  been  introduced  into  j 
the  vacuum. 


Micrograph  of  mercurochrome.  IndiTidual 
particles  cannot  be  seen  in  light  micro¬ 
scope.  X  32.500 


If  the  substance  studies  consists 
of  small  crystalline  particles  ori¬ 
ented  in  random  fashion,  the  deflec¬ 
tion  of  the  ray  through  a  given  an¬ 
gle  may  take  place  with  equal  prob¬ 
ability  in  any  azimuth,  so  that  the 
diffraction  points  on  the  plate  ar¬ 
range  themselves  in  circular  rings 
about  the  axis,  giving  rise  to  a  so- 
called  Debye-Scherrer  diagram.  From 
the  diameters  of  the  rings  may  be 
determined  the  spacings  and  relative 
orientation  of  neighboring  atoms  in 
the  crystal  lattice.  Single  crystals, 
on  the  other  hand,  give  rise  to  re¬ 
flection  patterns  which  readily  per¬ 
mit  the  determination  of  lattice  con¬ 
stants  within  three-tenths  of  one 
percent. 

Importance  of  Accelerating  Voltage 

It  has  already  been  mentioned  that 
the  scattering  and  absorption  of 
electrons  by  matter  is  such  that  only 
very  thin  specimens  can  success- 
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fully  be  examined  with  the  stand-  accelerating  voltage  on  the  contiaw 
ard  electron  microscope,  which  has  and  the  perception  of  detail  in  the 
an  accelerating  voltage  of  60  kv.  In  image  of  a  group  of  aluminum  orcide 
many  fields  of  investigation  •  this  monohydrate,  or  diaspore,  sc  des 
represents  no  particular  limitation,  placed  on  a  thin  celluloid  film  ig 
In  particular,  in  the  study  of  very  shown.  The  latter  is  clearly  visible 
fine  structures  and  disperse  mate-  only  in  the  30-kv.  picture.  At  the 
rial,  the  thicknesses  being  compar-  same  time,  all  of  the  oxide  scales, 
able  to  the  widths  of  the  individual  with  the  exception  of  one  very  small 
entities,  the  substances  are  ade-  one,  appear  completely  opaque,  niak- 
quately  transparent.  Not  infre-  ing  it  impossible  to  distinguish  one 
quently,  the  operation  at  voltages  from  another.  As  the  voltage  is  in- 
below  60  kv.  presents  even  a  definite  creased,  all  of  the  scales  become  pro¬ 
advantage,  leading  to  greater  image  gressively  more  transparent,  re¬ 
contrasts  and,  hence,  easier  recogni-  vealing  more  detail,  in  particular 
tion  of  very  thin  structures.  How-  where  they  are  superposed.  At  200 
ever,  in  a  number  of  other  cases,  kv.  all  of  the  scales  are  largely  trans- 
such  as  the  study  of  the  inner  struc-  parent,  even  those  which  are  set 
ture  of  large  bacteria  and  that  of  practically  on  edge  on  the  support- 
cut  sections,  of  great  importance  in  ing  film;  at  the  same  time,  the  thin- 
many  branches  of  histological  re-  nest  scale  has  very  nearly  disap- 
search,  the  thickness  of  the  speci-  peared.  By  employing  the  higher 
men  is  such  that  the  field  either  ap-  voltages  it  w'as  found  possible,  for 
pears  completely  opaque  or  that  in-  the  first  time,  to  obtain  satisfactory 
teresting  structures  appear  only  with  pictures  of  organic  sections  pre- 
inadequate  definition.  Under  such  pared  with  a  microtome,  though 

these  can  scarcely  be  made  thinner 
r-  1  _  than  a  0.025  inch. 
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Study  of  Opaque  Specimens 

Although  the  high-voltage  micro¬ 
scope  extends  the  range  of  thick¬ 
nesses  which  can  be  examined  with 
the  electron  microscope,  it  does  not, 
any  more  than  the  standard  instru¬ 
ment,  make  possible  the  direct  ob¬ 
servation  of  the  surfaces  of  opaque 
specimens.  The  utilization  of  elec¬ 
trons  reflected  at  the  surface  of  the 
specimen  for  the  formation  of  the 
image,  analogous  to  the  use  of  re¬ 
flected  light  in  the  metallographic 
light  microscope,  does  not  solve  this 
problem,  since  reflected  electrons 
are  too  inhomogeneous  in  velocity  to 
lead  to  satisfactory  pictures.  Two 
techniques  have  been  w'orked  out, 
however,  which  make  use  of  the  high 
resolving  power  obtainable  with 
electrons  in  the  study  of  opatiue 
specimens  such  as  polished  and 
etched  metallographic  sections. 

The  first  of  these*  makes  use  of 
the  standard  electron  microscope, 
high-voltage  equipment,  which  is  It  involves  the  preparation  of  a 
now  housed  in  a  large  separate  oil  plastic  replica  of  the  surface,  thin 
tank,  and  in  the  design  of  the  “elec-  enough  to  transmit  electrons  read- 
tron  gun,”  in  which  the  electrons  ily.  A  procedure  which  has  given 
acquire  their  high  velocity.  The  lat-  very  satisfactory  results  requires 
ter  is  divided  into  two  sections,  the  an  initial  evaporation  of  silver  unto 
corona  ring  separating  them  being  the  surface  in  vacuum.  The  silver 
maintained  at  a  potential  halfway  coating,  bearing  the  negative  im- 
between  that  of  the  cathode  and  of  print  of  the  surface,  is  then  pulled 
ground.  off  and  a  collodion  solution  flowed 

The  effect  of  the  magnitude  of  the  over  its  original  surface  of  contact. 


Why  face  powder  sticks — an  application 
of  the  microscope  to  the  cosmetic  chemist. 
X  27,000 
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A  second  method  of  surface  in¬ 
vestigation  prepares  a  picture  of 
the  surface  of  the  opaque  specimen 
directly.  The  apparatus  here  util- 
lized,  the  “scanning  electron  micro¬ 
scope, differs  basically  both  from 
the  standard  electron  microscope  and 
the  conventional  light  microscope. 
In  place  of  forming  the  complete 
image  simultaneously,  the  intensity 
=>  of  a  single  minute  picture  element, 
corresjmnding  to  a  halftone  dot  in 
the  printed  reproduction  of  a  photo¬ 
graph,  is  recorded  at  any  one  time; 
as  in  electric  picture  tran.smission 
and  television,  the  final  picture  is 
built  up  out  of  a  great  number  of 
such  elements  of  different  intensity. 

The  general  plan  of  a  successful 
instrument  of  this  type  is  as  follows. 
A  succession  of  electrostatic  lenses 
forms  a  greatly  reduced  image  of  an 
electron  source  on  the  object;  the  di¬ 
ameter  of  this  electron  spot  is  less 
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Micrograph  of  slightly  annealed  brass 
made  with  the  scanning  microscope. 

X  3500 


When  the  collodion  has  dried,  the 
silver  may  be  dissolved  off  with  nit¬ 
ric  acid  and  the  positive  collodion 
replica  is  left. 

The  effectiveness  of  this  technique 
is  illustrated  as  follows.  An  en¬ 
larged  oil-immersion  light  micro¬ 
graph  of  fine  pearlite  structure  in 
steel  only  partially  resolves  the 
structure  which  to  a  considerable 
extent,  is  beyond  the  limit  of  resolu¬ 
tion  of  any  light  microscope.  An 
electron  micrograph  of  a  replica  of 
the  same  specimen  at  four  times  as 
great  magnification,  however,  shows 
all  the  detail  sharp  and  perfectly  re¬ 
solved.  The  electron  microscope,  in 
conjunction  with  the  replica  tech¬ 
nique,  represents  a  considerable  ad¬ 
vance  over  the  metallographic  micro¬ 
scope  in  the  resolution  of  fine  sur¬ 
face  detail. 
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than  a  millionth  of  an  inch,  coires. 
ponding,  in  short,  to  a  single  picture 
element  of  the  final  image.  The 
secondary  electrons  given  off  bj  the 
object  where  struck  by  the  electron 
beam  measure  the  relative  “bright¬ 
ness”  of  that  particular  portion  of 
the  object.  Returning  through  the 
last  lens,  they  fall  on  an  inclined 
fluorescent  screen,  whose  resulting 
light  emission  controls  the  output 
current  of  an  electron  multiplier. 
This  current,  after  further  ampHfi. 
cation,  ultimately  controls  the  in- 
tensity  of  the  halftone  lines  in  the 
image  printed  by  a  facsimile  re¬ 
corder,  the  image  being  recorded  in 
synchronism  with  the  displacement 
of  the  fine  electron  spot  relative  to 
the  specimen  surface. 

With  this  instrument  numerous 
pictures  have  been  obtained  with 
resolutions  of  the  order  of  a  five- 
hundred  thousandth  of  an  inch,  con¬ 
siderably  better  than  can  be  ob¬ 
tained  with  the  light  microscope. 

As  may  be  gathered  from  the  pre¬ 
ceding  discussion,  the  design  of  the 
RCA  electron  microscope  was  guided 
primarily  by  two  considerations: 
high  performance  and  great  versa¬ 
tility.  The  first  property  finds  ex¬ 
pression  in  a  close  approach  to  the 
theoretical  limit  of  resolution.  It  is 
expected  that,  with  further  refine¬ 
ments  of  technique,  the  ratio  be¬ 
tween  the  practical  and  theoretical 
limit,  at  present  equal  to  2  or  3,  will 
be  reduced  very  nearly  to  unity. 
With  this  improvement  molecules 
of  moderate  size  will  become  suit¬ 
able  objects  for  observation. 

The  other  property,  versatility, 
reveals  itself  both  in  the  possibility 
of  studying  specimens  with  electrons 
of  different  voltages  and  with  mag¬ 
nifications  continuously  variable  in 
a  range  of  25:1,  and  in  the  adapta¬ 
tion  of  the  instrument  for  many  spe¬ 
cial  techniques.  Its  employment  for 
obtaining  three-dimensional  views  of 
specimens  and  as  a  precision  electron 
diffraction  camera  have  already 
been  described.  Accessory  equip¬ 
ment  permitting  the  study  of  mate¬ 
rials  in  a  frozen  state  and  for  util¬ 
izing  the  scanning  principle  in  the 
examination  of  opaque  specimens  is 
being  developed.  Thus,  the  user  of 
this  electron  microscope  is  certain 
to  benefit  by  every  new  advance  in 
electron  microscope  technique.  The 
instrument  may  be  expected  to  be 
sufficiently  flexible  in  design  to  in¬ 
corporate  even  the  radical  modifica- 
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tions  in  operation  which  will  be  re¬ 
quired  to  overcome  present  theoreti¬ 
cal  limitations  in  resolution. 

A  New  Microscope,  Portable  and  Less 
Expensive 

It  has  been  found,  at  the  same  \ 
time,  that  in  numerous  electron  mi¬ 
croscope  researches  such  versatility 
is  unnecessary.  In  the  study  of  col-  i 
loids,  viruses,  and  macromolecules,  | 
in  particular,  a  fixed  magnification  ' 
and  a  relatively  low  operating  vol-  | 
tage,  giving  large  contrasts,  has  ^ 
proved  most  satisfactory.  Hence  a  i 
new  electron  microscope  has  been  j 
developed,  distinguished  by  extra¬ 
ordinary  compactness  and  simplicity 
of  operation.  Mounted  on  an  ordin-  i 
ary  desk,  the  microscope  column,  | 
from  electron  source  to  fluorescent  i 
screen  or  plate,  measures  only  16  j 
inches.  The  observer,  seated  at  the  | 
desk,  views  the  final  image  on  the  i 
rear  of  the  fluorescent  screen,  which  | 
is  deposited  on  a  plate-glass  disk.  1 
The  magnification  of  the  microscope,  j 
which  operates  with  two  magnetic 
lenses  of  fixed  strength,  is  approxi¬ 
mately  5000.  Since  the  grain  of  the 
photographic  materials  normally  em¬ 
ployed  is  fine  enough  to  permit 
twenty-fold  enlargement,  micro-  • 
graphs  with  a  total  magnification  of  j 
100,000  may  be  obtained  with  the 
instrument.  This  is  adequate  to  | 
make  use  of  the  full  resolving  power 
of  the  microscope. 

The  extraordinarily  small  volume 
of  the  instrument  makes  airlocks  un¬ 
necessary — its  complete  evacuation 
takes  only  about  2  minutes.  Focus¬ 
ing  is  accomplished*  by  varying  the 
stabilized  operating  voltage,  which, 
in  the  model  shown,  is  maintained  at 
about  30  kv.  The  relatively  few  con¬ 
trols  required  to  operate  it  are  all 
within  easy  reach.  Thus,  at  the  sac¬ 
rifice  of  versatility,  an  extremely 
simple  and  compact  microscope, 
ideally  suited  for  routine  observa¬ 
tions,  has  been  created.  As  such  it 
promises  to  free  the  larger  instru¬ 
ment  for  the  more  exacting  re¬ 
searches  and  the  many  special  uses 
for  which  it  alone  is  adapted. 

The  electron  microscopes  which 
have  been  described  may  be  expected 
to  play  an  increasing  role  in  the 
furtherance  of  chemical  research. 
The  few  applications  which  have 
been  demonstrated  will  suggest 
others  in  related  fields.  In  some  cases 
the  interpretation  of  the  things  ob- 
'=erved  may,  to  be  sure,  not  be  easy. 


Model  RA  put  It  there.  In  1-1/5  seconds! 
And  on  2999  other  RCA  Radiotron  bases 
'within  the  hour! 

See  how  the  clear,  sharp  durable  lines  match  the 
clarity  of  hand  engraving.  Lasting  legibility  from 
the  RCA  monogram  to  the  end  of  the  type-of-tube 
identification.  Years  from  now,  because  of  the  long, 
satisfying  service  it  gave  him,  some  consumer  will 
want  to  replace  this  tube.  He'll  wipe  the  grease  and 
dust  away  and  this  whole  impression  will  re-appear 
as  clean-cut  and  easy  to  read  as  it  is  today. 

Mortem  markingt  assure  rtpeaf  butinw  from  satisfied 
users.  Does  your  future  enjoy  this  protection? 

Why  not  ask  us  about  marking  methods  for  your  products? 
Whatever  the  size,  shape  or  substance,  we  have  a  method 
and  the  machine  to  mark  it  quickly,  legibly,  lastingly 
and  economically. 

Marking  of  parts  for  war-work  production  is  especially 
important.  It  speeds  assemblies.  Stops  mistakes. 

Catalog  LI  on  request 


M  A  R  K  E  M. 

VARIABLE  DESIGNATION 
MARKING  MACNINES 

BOXES.  LABELS.  TAGS.  EN¬ 
VELOPES.  TICKETS.  TAGS. 
LABELS  FROM  CONTINUOUS 
ROLLS.  COLLARS.  SOCKS. 
STOCKINGS.  SHIRTS.  SHOE 
LININGS.  TEXTILES.  LEATH¬ 
ERS.  SYNTHETICS.  GLASS. 
METAL.-  WOOD.  PLASTICS. 
PRINTED  SURFACES.  RUB¬ 
BER  SHEETS  -  ABRASIVES. 
SHAPE  AND  SUBSTANCE 
PRESENT  NO  PROBLEMS. 
There's  a  Markem  machine 
to  identify  or  decorate 
every  part  or  product  known 
to  industry.  And  out  of  the 
Markem  laboratories  come 
special  process  inks,  rotata¬ 
ble  type  wheels,  special  type 
bars  or  master  printing 
plates  so  that  Markem  is 
the  only  source  of  supply 
you  need  for  marking  ma¬ 
chines,  devices  and  supple¬ 
mentary  materials. 


maeleem  -MnyMARKBlfi 


NLARKENL 

■  JiniJM  CEI 


I 

A./ 

TECHNIQUE 


Govenunent  Departments.  Universities. 
Schools  and  Thonsonds  of  ladividnols 
Hove  Bought  this  Booklet. 

WHY? 

Because  it  is  the  first  up-to-date  treatise 
ee  the  all-important  new  ultra-hlgh-ire- 
gnener  technique. 

In  plain,  simple,  understandable  text,  the 
phUosephr  of  ultra-high  frequency  tech¬ 
nique  is  given  to  outline  the  nature  of  the 
pr^loms  at  frequencies  for  which  "line_  of 
sight"  transmission  is  of  paramount  im¬ 
portance. 

By  means  of  grophs,  tables,  and  equations, 
the  more  important  quantitative  results  ore 
given  to  familiarize  the  technician  with 
the  general  magnitude  of  the  quantities 
involved — to  provide  a  sense  of  quantita- 
five  proportions  and  the  fitness  of  things. 
Finally,  since  u-h-f  technique  cannot  be 
treated  thoroughly  in  a  60-page  booklet  a 
convenient  bibliography  is  included  at  the 
end  of  each  section. 
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The  discovery  of  the  possibility  oi 
forming  images  with  electrons  nas 
opened  up  to  the  eyes  of  the  scien¬ 
tist  vast  regions  which  heretofore 
had  only  been  probed  by  the  cautious 
groping  of  ingenious  indirect  meth¬ 
ods.  A  barrier  to  vision,  regarded 
as  unsurmountable  by  the  opt  cal 
designer  only  a  decade  ago,  nas 
fallen. 

Many  unsolved  problems  of  b;  sic 
importance  to  life  and  work  lie 
hidden  in  the  unexplored  realms  of 
biology,  physics,  and  chemistry,  and 
their  subdivisions  such  as  medicine, 
bacteriology,  the  study  of  viruses, 
metallurgy,  ceramics,  plastics,  and 
synthetics.  Society  may  look  for¬ 
ward  with  assurance  to  the  time  in 
the  relatively  near  future  when  the 
researches  made  possible  by  the  elec¬ 
tron  microscope  will  result  in  dis¬ 
coveries  which  will  greatly  enhance 
our  health,  efficiency,  and  comfort, 
j  With  the  availability  of  the  new 
and  small  model  of  the  instrument, 
and  it  will  be  available  where  neces- 
I  sary  to  the  war  effort,  the  broadest 
attack  in  the  history  of  science  on 
the  so-called  submicroscopic  mys¬ 
teries  becomes  possible. 

Even  as  scientists  and  engineers 
make  haste  to  apply  the  powerful 
new  tool  for  extending  the  mastery 
over  their  respective  fields,  their 
fellows  will  be  busy  adding  to  its 
usefulness  and  searching  for  means 
of  breaking  down  new,  more  distant, 
barriers.  For,  though  the  progress 
of  science  is  uneven,  it  will  not  come 
to  a  halt. 
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Reactance  Networks - 

{Continued  from  page  72) 


L  =  0.1592  hli,  F. 

C  =  159,200  hRF. 
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For  example,  to  be  at  an  impedance 
level  oi  h— A  with  respect  to  a  500- 
ohm  termination  at  200  cycles,  the 
basic  value  of  L  must  be  1.592  henry. 
Or  a  IOO-/1/1/  condenser  operating 
at  F,=  10  me  may  be  considered  to 
be  at  an  impedance  level  of  h—2.2 
with  respect  to  a  72-ohm  resistance 
impedance. 

For  determining  what  functions 
of  k  the  multiplying  factors  m,  n  and 
p  of  Fig.  3  must  be,  one  require¬ 
ment  is  that  pL  and  nC  must  be  of 
equal  numerical  impedance  for  the 
special  frequency  value  kF,  for 
which  x=k.  This  requires  the  rela¬ 
tion  pn=l/fc*.  Two  other  relations 
must  be  found.  Inspection  of  Eq.  4 
indicates  the  desirability  of  making 
q,  q,  as  simple  an  algebraic  function 
as  possible.  Using  the  impedance 
designations  of  Fig.  3,  routine  alge¬ 
braic  procedure  yields  for  the  q’s 
and  their  product 


_  —  h  ^  _ —  kpx 

~  mz  '  ((ot  -f  2n)  pi*  —  2)  ’ 

^  _ fc* _ 

®  ®  (m  2n)  i*  —  2jn/pl 

The  product  function  q,  q,  will 
take  on  the  simplest  possible  form 
/iV  (a?*  —  1)  provided  the  relations 
w(m  -1-  2n)  =  1  and  p  =  2m  are 
met  as  well  as  the  previously  estab¬ 
lished  relation  pn  =  1/fc*.  These 
three  relations  are  met  if  m,  n  and  p 
are  the  following  function  of  k 

m  =  vl  —  it"*- 
n  =  l/2fc  =  l/2mJfc* 

p  =  2  Vl  -  ifc-*  =  2m  (8) 
With  these  functions  of  k  now  re¬ 
placing  m,  n  and  p,  the  q's  become 


«• 


,  -  ^  . 
Vl  -  Jlr»(x)  ’ 

-  h  yl  l  -  (x) 


- 1) 


(9) 


The  four  combinations  of  the  q’s 
which  determine  the  circuit  per¬ 
formance  are 


q,  q. 


(9.  -  q.) 


(X*  -  1)  ' 

(ifc*  - 1*) 


k  V  ■(**-  1)  (x)  (X*  -  1) 


(10) 


,  .  ,  hW--  (2fc*  -  1)  x*l 

(9»  I  9*/  ~ - ,  - 

fc  Vfc*  -  1)  (X)  (X-  -  1) 

Substitution  of  the  product,  dif¬ 
ference  and  sum  functions  of  the 
q’s  in  Eq.  4  and  5  yield  the  loss  and 
lag  equations  which  w’hen  reduced  to 
simplest  form  are  recorded  as  part 
of  the  Chart.  These  permit  loss  and 
lag  curve  shapes  to  be  computed  and 
plotted  as  functions  of  x  =  f/F,  for 
all  possible  combinations  of  h  and  k 
within  the  allowable  ranges  of  these 
parameters.  The  loss  is  zero  db  for 
any  condition  making  F,o.,  zero,  in¬ 
cluding  the  two  conditions  x  =  0 
and  X  =  a  =  Vl  —  the  latter  of 
which  occurs  only  if  h  is  less  than 
unity  for  this  type  of  circuit.  This 
condition  is  a  function  of  the  net¬ 
work  and  of  the  termination.  Infi¬ 
nite  loss  requires  the  loss  function 
to  be  infinite,  including  the  two  con¬ 
ditions  X  =  k  and  x  =  infinity, 
which  are  determined  by  the  net¬ 
work  only.  Information  is  included 
also  to  enable  the  network  elements 
to  be  computed  corresponding  to  any 
specified  value  of  i?,  any  frequency 
F,  desired  to  correspond  to  x  =  1, 
and  any  curve  shape  specified  by 
numerical  values  of  h  and  k. 

Included  with  the  Chart  are  loss 
curves  for  h  =  0.6  and  k  =  1.1,  1.5 
and  infinity,  illustrating  choices  of 
parameters  which  give  circuit  ele¬ 
ment  values  suitable  for  low-pass 
filter  purposes.  With  the  sharpest 
cutoff  curve  (A*  =  1.1)  there  is  only 
6  db  difference  between  maximum 
loss  in  the  pass  range  and  the  mini¬ 
mum  loss  in  the  attenuation  range. 
For  higher  values  of  k,  greater  fil¬ 
tering  effect  in  the  two  ranges  is 
accompanied  by  lesser  sharpness  of 
cutoff.  At  k  =  infinity,  factor  n 
becomes  zero,  and  the  element  wC 
is  therefore  not  required.  The 
other  limiting  condition  with  k  = 
unity  results  in  the  network  being 
entirely  absent  with  the  two  ter¬ 
minations  direct  connected  to  give 
zero  loss  and  lag  at  all  frequencies. 

Fig.  4  shows  the  effect  of  chang¬ 
ing  the  impedance  level  using  a 
fixed  value  of  k  —  1.25,  and  three 
choices  of  h.  Values  of  h  less  than 
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begins  with  the  discovery  of  the  elec¬ 
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EMBODYING  A  HIGH  DEGREE  OF 


C  10  to  150,000  cyciM. 

•  I  millivolt  to  too  volts  in  'iive 

j  rangts  (to  1,000  and  10,000 

volts  with  multipliars). 

•  Logarithmic  voltage  scale  and 
uniform  decibel  scale. 

•  AC  Operation,  IIS  volts,  50 
cycles. 

•  Accurate  and  stable  calibra¬ 
tion. 

•  Can  also  be  used  as  an  ampli- 

,  tier  (70  DB  gain)  flat  to  100,000 

’  cycles. 

J  A  popular  instrument  for  the 

!?'  measurement  of  AC  voltages, 

^  10  to  150,000  cycles,  I  milli- 

^  volt  to  1 00  volts  (up  to  1,000 

>  and  10,000  volts  with  Model 

402  Multipliers).  Logarithmic 
voltage  scale  and  auxiliary 
j  uniform  decibel  scale.  AC 

‘  operated,  115  volts,  60  cycles. 

By  means  of  special  circuits 
“  meter  indications  are  inde- 

'  pendent  of  line-voltage,  tubes, 

s  and  circuit  constants  within 

j  3%  over  entire  frequency 

range.  Several  accessories  are 
available. 

Send  for  Bulletin  8  for  com- 
plete  data. 
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the  record.  The  ordinate  will  be  in 
terras  of  the  noise  resulting  from  the 
subject  matter  as  recorded  at  that 
position  (see  discussion  of  results 
below). 

Method  of  Tost 

With  the  equipment  set  up  as  de¬ 
scribed  the  pickup  and  tone  arm  are 
placed  in  playing  position  on  the 
record.  The  door  of  the  chamber 
is  closed  to  exclude  external  noise. 
With  the  synchronization  of  fre¬ 
quency  previously  accomplished  it  is 
only  necessary  to  start  the  two  drive 
systems  simultaneously  and  follow 
the  needle  of  the  meter  to  complete 
the  operation  of  measuring  record 
noise.  Without  some  previous  knowl¬ 
edge  as  to  the  level  of  the  noise,  it 
is  usually  first  necessary  to  make  a 
brief  check  so  that  the  proper  volt¬ 
meter  setting  is  established.  Suffi¬ 
cient  damping  is  employed  to  smooth 
out  the  response  as  without  any 
damping  the  entire  response  consists 
of  a  series  of  sharp  dips  and  peaks. 
The  microphone  placement  is  held 
approximately  constant  although 
checks  indicate  that  its  exact  posi¬ 
tion  is  not  critical. 

I 

DiscHtsion  of  Results 

It  will  be  noted  that  this  method  | 
gives  the  abscissa  of  Fig.  7  in  terms  ! 
of  the  frequency  applied  to  the  j 
pickup  stylus  by  the  record.  The  1 
value  of  the  ordinate  at  any  applied  i 
frequency  is  in  terms  of  the  sound 
pressure  of  the  noise  resulting  from 
that  applied  frequency.  To  date  no 
attempt  has  been  made  to  quantita¬ 
tively  evaluate  the  results  of  this 
method  in  terms  of  what  the  ear 
hears.  It  can  be  pointed  out,  how¬ 
ever,  that  numerous  listening  tests 
indicate  that  this  method  gives  re¬ 
sults  which  are  consistent  with  what 
the  ear  hears. 
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factor  angle  is  about  68  deg.  and  I 
the  power  factor  37  percent.  I 

There  are  numerous  other  places 
in  a  welding  control  where  an  oscil¬ 
loscope  can  be  connected  to  indicate 
whether  the  control  is  operating 
properly.  The  instrument  will  indi¬ 
cate  incorrect  voltages  not  only  by 
showing  their  magnitude,  but  also  by 
revealing  the  presence  of  unwanted 
voltage  variation.  Sometimes  a.c. 
will  appear  in  the  d-c  section  of  the 
timing  circuit  of  a  control.  This 
type  of  trouble  usually  is  caused  by  I 
control  insulation  failure  and  re¬ 
sults  in  the  firing  of  the  control  even 
when  the  panel  is  not  initiated.  An 
oscilloscope  can  show'  the  presence 
of  this  unwanted  voltage  and  there¬ 
by  reduce  the  time  of  trouble-shoot¬ 
ing  by  more  than  half. 

An  important  use  of  an  oscillo¬ 
scope  is  as  a  cycle  counter.  When 
only  a  few  cycles  are  required  per 
spot,  the  number  can  be  observed 
directly  by  connecting  the  oscillo¬ 
scope  input  leads  from  anode  to 
cathode  of  the  power  tubes.  Set  the 
horizontal  sw'eep  to  give  six  or  more 
cycles  on  the  screen.  The  number  of 
cycles  w’hich  the  power  tubes  fire 
will  be  indicated  by  the  voltage  col¬ 
lapsing  for  that  length  of  time  and  a 
straight  line  appearing  on  the 
screen  instead  of  the  a-c  oscillations. 

If  one  is  studying  a  seam  w’elder 
rather  than  a  spot  welder  both  the 
“on”  and  “off”  time  can  be  observed 
directly  on  the  screen.  If  the  sum  of 
these  periods  is  equal  to  the  num¬ 
ber  of  cycles  on  the  screen  a  sta¬ 
tionary  image  will  exist,  with  the 
“on”  period  being  a  straight  line 
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ELECTRONIC  TIMERS 


for  the  weld  time  and  a-c  voltage 
appearing  for  the  cool  time. 

Even  when  longer  timing  is  re¬ 
quired,  the  oscilloscope  can  be  util¬ 
ized  as  a  cycle  counter.  The  method 
can  best  be  stated  by  giving  an  ex¬ 
ample.  If  the  instrument  is  con¬ 
nected  across  the  power  tubes  and 
six  cycles  appear  on  the  screen,  spot 
welds  up  to  six  cycles  in  length  can 
be  seen  directly.  As  the  timing  dial 
of  the  control  is  advanced,  the 
change  in  the  number  of  cycles  of 
weld  current  can  be  seen.  Applica¬ 
tion  of  12,  18,  24,  and  30  cycles  of 
current  will  all  cause  a  uniform  col¬ 
lapse  of  the  entire  image  on  the 
screen.  In  this  way,  the  weld  time 
of  a  spot  welder  can  be  accurately 
determined.  This  method  is  even 
more  adaptable  to  seam  welding  con¬ 
trols.  If  the  sum  of  the  “on”  and 
“off”  time  is  always  a  multiple  of 
the  number  of  cycles  on  the  screen, 
the  image  will  stand  still.  By  start¬ 
ing  at  the  lower  weld  and  cool  times, 
one  can  increase  the  settings  and 
note  the  effect  of  each  change  of  the 
welding  control  dials.  If  the  time 
dial  of  the  welding  control  is  ad- 
1  vanced  one  position  and  the  image 
I  on  the  screen  does  not  change  to 
I  show  that  the  timing  has  been 
!  changed,  the  calibration  of  the  con- 
I  trol  is  not  correct.  When  one  has 
■  acquired  experience  at  using  this 
!  method  of  cycle  counting  an  ex- 
'  tremely  reliable  check  will  be 
I  obtained. 

Some  users  place  an  oscilloscope 
near  the  secondary  loop  of  a  welder, 
so  that  the  magnetic  field  produces 
a  deflection  and  thereby  shows  sec¬ 
ondary  welding  current.  When  used 
in  this  manner  no  vertical  input  is 
required.  By  using  external  voltage 
dividers,  one  can  study  the  extremely 
high  voltages  that  exist  in  modern 
energy-storage  type  welding-con¬ 


trols.  By  providing  an  insulating 
transformer  to  isolate  the  instru¬ 
ment  from  its  power  supply,  it  can 
be  used  in  circuits  that  may  be  dis¬ 
placed  from  ground  potential  by 
high  voltage.  By  connecting  an 
oscilloscope  across  a  load  supplied 
through  a  contactor,  “bouncing”  of 
contacts  is  easily  detected.  Often 
the  overlap  of  relay  contacts  can  be 
checked  with  an  oscilloscope. 

PrecautioiK 

Certain  precautions  should  be 
taken  when  using  an  oscilloscope. 
The  instrument  is  affected  by  mag¬ 
netic  fields  and,  therefore,  should 
be  removed  from  regions  where  high 
currents  are  present.  Sometimes, 
w'hen  it  is  fed  through  high  imped¬ 
ance  circuits,  the  instrument  will 
pick  up  voltages  that  give  an  er¬ 
roneous  impression.  For  example, 
if  the  leads  to  the  vertical  plates  are 
placed  across  an  open  circuit,  the 
leads  themselves  will  often  pick  up 
an  a-c  voltage.  This  will  give  the 
impression  that  voltage  exists  in  the 
circuit,  whereas  actually  only  the 
pick-up  voltage  is  present.  Such 
pick-up  can  be  minimized  by  using 
shielded  leads.  Pick-up  in  the  leads 
from  magnetic  sources  can  also  be 
reduced  by  using  two  twisted  con¬ 
ductors.  In  general  it  will  be  found 
that  unwanted  effects  can  be  re¬ 
duced  to  negligible  proportions  with 
reasonable  care. 

Success  in  using  a  cathode-ray 
oscilloscope  is  largely  dependent 
upon  the  ability  of  the  operator.  By 
studying  the  instruction  booklets 
supplied  with  such  instruments,  and 
using  the  examples  set  forth  here 
maintenance  men  and  other  techni¬ 
cians  employed  in  the  average  plant 
can  in  a  short  time  become  skillful 
in  its  application  to  the  servicing 
of  electronic  welding  controls. 


Short  interval.  Stop  or  repeat  cycle. 
Time  ranges  .05  to  .5.  .1  to  10.  1  to  100 
seconds. 

Write  for  Bulletin  C. 


COOPERATIVE  ENGINEERING 

service  is  available  to  established 
manuiacturers  with  control  problems. 


UNITED  CINEPHONE 

CORPORATION 

Torringfon  Conn. 

Mfgs.  of  Electronic  Controls 
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WRITE  FOR  CATALOG 


We  Manufacture  a  coHplete  line  of  equipHent 

SPOT  WELDERS,  electrto  from  ^4  to  500  KVA  AC  ARC 

TRANSKUUMEK8.  special  and  standard  ttrpes  WELDERS 

INCANDESCENT  LAMP  manufacturing  equipment  From  100  to 
FLU0RESC1':NT  tube  making  equipment  400  Amps. 
ELfiCTRONIC  EQUIPMENT,  vacuum  pumps,  etc. 

WET  GLASS  slicing  and  cutting  macblnes  for  laboratory  use 
GENERAL  GLASS  working  machines  and  burners 
COLLEGE  GLASS  working  units  for  students  and  laboratory 
EISLER  ENGINEERING  CO. 

751  So.  13th  St.  (near  Avon  Avo.)  Newark,  New  Jersey 


ELECTRON  TUBE  MACHINERY 

of  mcmn  type. —  ttandanl.  anil  special  desips  I 
K.AIil.K  KNtiINKKKINti  t'OMP.VNY  I 

Sp<>ciall.sts  in  Eiiuipment  for  the  Maniiracture  of  I 
Radio  Tubes,  CalhiHle  Rs.v  Tubes.  Fluorescent  | 
Ijiniiis,  Incandescent  l,aiiips.  Neon  TuIm-s.  Photo  j 
Cells.  X-ray  Tulie.s  and  other  Klas.s  or  electronic 
prmlucLs,  on  priHluction  or  lalsiratorv  hasi.s.  | 

i:tl)7-l.30»  Hetcntli  M..  Norlli  IterKeii,  N.  J. 


at  Taii|(i«tc>n  and  Melybdenum 

MolylMlonum  in  widths  .006"  to  1" 
in  thickneen  to  .0003" 
Tuni^sten  Ribbon  to  specification 

H.  C'ROKK 

15  Heekiiian  St.  New  York 


RAPID  DEVELOPMENTS 

ia 

LOUD  SPEAKER  DESIGN  . 
arc  R«e«tsary  <!■•  to 
UNCLE  SAM'S  WAR  NEEDS 

Univortity  Roflos  Spookort  or* 
boing  prottod  into  new  end  un* 
usuol  application  ovary  day. 

UMIVERSITY  LABORATORIES 
22S  Varick  Stroot,  N.  Y.  C. 


This 

CONTACTS 

Section 

supplements  other  advertising 
in  this  issue  with  these  addi¬ 
tional  announcements  of  prod¬ 
ucts  essential  to  efficient  and 
economical  operation  and  main¬ 
tenance.  Make  a  habit  of  check¬ 
ing  this  page,  each  issue. 

Departmental  Staff 

ELECTRONICS 


CRYSTALS  by 


Thousandi  of  vita-l  transmittinrj 
tions  riflv  on  the  accuracy  a:.d  tiepi^T  tl  t 
hility  of  Hipower  Precision  C'rvstal 
units.  With  recently  enlarqieJ  facilities, 
Hipower  is  maintaining  qreatly  increared 
prodi'ction  for  alt  important  8''rvi^es, 
When  essential  demand  begins  t  '  return 
to  normal,  Hipower  will  be  glad  to  help 
with  your  crystal  needs 


HIPOWER  CRYSTAL  CO. 


Sales  Uiirision — 205  W  Wackpr  Drive,  Chicago 
Factory — 2035  Charleston  Street.  Chicago.  III. 


We  have  37,400 

CORNELL-DUBILIER 
JL  DYKANOL  JL 
T*  CAPACITORS  T 

in  stock  for  immediate  delivery 

Try  us  for  all  oi  your 
Electronic  supplies! 

HARRISON  RADIO  CORP. 

12  West  Iroadway  •  New  York 
Pbeee  WOrth  2-A27* 


FADA' 

SERVICE  DEPT. 

has  replacement  parts  for 
all  FADA  models  manu¬ 
factured  during  the  last 
10  years.  Call,  write, 
phone  or  send  10c  for  our 
latest  Replacement  Parts 
CataloK. 

FAWA  OF  NEW  YORK 


UAnifri/BADIOLABSlic. 

tiRAVT  W  Manufacturers 

I  R*d!o  TrentmiHert 

ELECTRONIC  APPARATUS 

447  Concord  Ave.  Cembridge,  Mass. 


MICROMETER 

FREQUENCY 

METER 


checking 
transmitters, 
from  1.5  to  5C  me., 
within  0.01  per  cent. 


LAMPKIN  LABORATORIES 

Bradanton,  Fla..  U.  S.  A 
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9  SEARCHLIGHT  SECTION  ® 


I  ENGINEERS  WANTED 

I  TRANSFORMER 
I  DESIGN  ENGINEERS 

Unusual  opportunity  with  notional 
nianuiacturor  for  soTorai  thor- 
I  oughly  oxporioncod  Tronsiormor 

I  Dosign  Enginoors  capablo  of  Audio 

I  &  Powor  up  to  IS  K.VA. 

i  A  Wor  Job^— Now! 

I  A  Future— Later! 

Wo  aro  at  prosont  monufocturing 
I  Tital  war  oquipmont  for  our  fight¬ 

ing  forcos  and  our  poaco  tim#  ac- 
I  tiTitios  and  oxponsion  program 

I  should  proTido  sloady  ompioymont 

I  and  promotional  opportunltios  to 

I  copoblo  mon. 

i  Tboso  now  ompleyod  in  war  in* 

I  dnstry  at  foil  skill  noed  net  apply 

I 

I  Writ#  fo  Personne/  Manager 

FEDERAL 

Telephone  A  Radio  Corp. 

I  Monsfocferisg  seif  of  fko 


I  INTERNATIONAL  TELEPHONE 
I  A  TELEGRAPH  CORP. 

1000  Patsoic  Avo.,  E.  Newark,  N.  J. 


WANTED  I 

FOR  WAR  PRODUCTION 

HYDROGEN  FURNACE  | 

FOR  BRAZING  | 

ALSO  I 

BOMBARDERS  | 

HIGH  FREQUENCY  INDUCTION  | 
HEATING  INSTALLATIONS  I 
Telegropk  or  'Pfcoee  I 

W-S50.  Elirtronlcn  I 

S20  No.  Mirhtsan  Av».,  Chtcaso.  III.  I 


. . "I 

REST  QUALITY.  USED  | 

ELECTRON  TURE  MACHINERY  | 

K4tulpnM>fit  fitr  ihr  manufartiirf  of  all  kind*  of  { 
elmtrim  tubn,  radio  tulx-*.  inrandnimit  latnpii,  | 

D<«>n  tubrii,  photo  rlwirir  rrllii,  X  ray  IuIn-k.  rtc.  1 

AMERICAN  ELECTRICAL  SALES  CO..  INC. 

SS-67  Ea>t  Sth  St.  New  York.  N.  V.  | 


For  Sale  I 

BRUSH  GALVANOMETER 

model  OS-3B  in  now  condition,  reason-  | 
able,  write  to  I 

PACIFIC  NETWORK.  INC.  I 

242S  WiMitre  MwO.  Let  Aegelet  | 

SURPLUS  EQUIPMENT  | 

(0  kw.  oarlllator  parts — S  phase  power  | 
supply — controla,  rondenaers  and  accesao-  | 
rlas.  Recttfler  tubes,  StS  oscillator  tube.  I 
All  brand  new,  | 

Electronics  1 

tSO  West  t:nd  8t  .  New  York.  N  Y.  I 


Pemiaaaat  Empleymeat 

ELECTRONIC  DEVELOPMENT 
ENGINEERS 

Woll-ottoblithod  Eostorn  Mettochutotts 
concern  desires  greduete  electronic 
engineers  with  fleir  for  reseerch  end  eye 
to  future.  Permenent  position  concerned 
et  present  with  importent  development 
work  for  government,  with  increeted 
opportunities  otter  the  wer.  Unutuel 
openings  for  men  with  eepecity  end 
initietive.  Must  be  U.  S.  Citizens. 

P-342,  Electronlca 
ISO  West  42nd  St.,  New  York  City 


WE  WANT  A 

MAN  WITH  VISION 

TO  WORK  ON  THE 

FUTURE  OF  RADIO  NOW! 

He  must  be  a  radio  or  electronics 
engineer.  He  miut  combine  practical 
ability  with  a  little  of  the  "dreomer." 

He  can  have  a  dam  good  iob  now 
and  forever  with  an  alert  New 
York  organization,  if  he  "fills  the 
bill." 

RADIO  RECEPTOR  CO..  INC. 

2S1  West  19  Street  New  Yerii  City 


Circuit 

Transformer 

(Continued  from  page  100) 


Eliminating  and  solving  for  /*  (ab¬ 
solute  value) 

Me 


ZaZb  +  AP 

The  method  of  solution  assumes  sym¬ 
metry,  so  let  Qz  =  Qb  Then 

Zb  -  IZ^,  M  -  kXwl 
Solving  for  gain 
^  e,  X  bIj 


VI 


LA'. 


Z4*  +  L*A4» 


V/  Qb 


ELECTRONIC  ENGINEER 

WANTED 

for  dev*^lopment  of  special  ftaa  tubes.  Ex¬ 
perience  in  g&n  tubea  neceaaary.  Perma¬ 
nent  poaition.  Uood  aalary.  Location  New 
York. 

P-358,  Electronics 
330  West  42nd  St.,  New  York  City 


V16a«  +  8  (1  -  +  (1  +  262  -I-  6‘) 

Again  it  is  interesting  to  note  that  the 
gain  is  proportional  to  the  square  root 
of  the  ratio  of  the  output  to  input 
impedance  just  as  it  is  for  low  fre¬ 
quency  transformers.  Remembering  a 
is  zero  at  resonance,  the  relative  gain 
is 


POSITION  VACANT 


1  +  fr 


CARRIER  CURRENT  ENGINEERS  Wanted — 
The  Department  of  Power  of  the  Tennessee 
Valley  Authority  have  open  positions  for  sev¬ 
eral  power  line  carrier  current  test  and 
maintenance  engineers  (junior  and  saalatant 
grades).  The  duties  will  involve  Initial  test¬ 
ing,  opsrating,  and  maintaining  of  carrier 
current  telephone,  pilot  relaying,  and  tele¬ 
metering  equipment  with  Increasing  duties  in 
connection  with  telemeter  transmitters  and 
receivers  and  load  control.  Applicants  should 
have  graduated  from  a  recognized  school  of 
electrical  engineering  and  have  some  expe¬ 
rience  In  the  type  of  work  indicated.  Inter¬ 
ested  candidates  are  requested  to  forward 
complete  Information  regarding  their  quall- 
flcations.  Including  citizenship,  age,  formal 
education,  and  employment  record  (giving 
dates,  employers,  salaries,  and  deacrintlons 
of  duties).  The  Tennessee  Valley  Authority 
Act  exempted  the  Authority  from  civil  service 
regulation,  but  provided  at  the  same  time 
that  all  appointments  should  be  made  on  the 
basis  of  merit  and  efflciency.  Persons  now 
employed  on  war  work  should  not  apply. 
Address  all  communications  to  the  Employ¬ 
ment  Division.  Tennessee  V'alley  Authority, 
Knoxville.  Tennessee. 


Viea*  +  8  (1  -  6*)  -f-  (1  +  262  +  b*) 

The  roots  are  found  by  differentiating 
and  equating  to  zero.  Thus 


0 


^  =  0;  or  4a2  -I-  a  (1  -  62) 

da 

The  roots  are 

o  *=  0 

ot  =  ±  i  x/bi  _  1 

If  the  desired  relative  gain  at  the 
roots  is  known,  the  factors  and  6x 
can  be  determined. 


6x  =  go  +  ^  1 

00  *  VJ  b2  -  1 

The  factor  D  is 


D 


as 


WANTED  ELECTRICAL  ENGINEERS  and 
eU-ctrlral  testers.  Electronic  engineers,  col¬ 
lege  graduates  for  test  and  Installation  of  pre¬ 
cision  electro-mechanical  ordnance  apparatus. 
Electronics  or  communications  experience  de¬ 
sirable  but  not  required.  Electrical  testers,  for 
factory  teat.  Some  electrical  experience  re¬ 
quired.  Women  will  be  considered.  Location 
Jers-y  City,  New  Jersey.  Replies  should  state 
age.  experience,  and  salary  desired.  If  em¬ 
ployed  in  war  industry  do  not  apply.  Box  535. 
Equity.  113  W>st  42d  St..  N.  Y.  C. _ 


POSITION  WANTED 


RADIO  ENGINEER  allied  national,  first  pap¬ 
ers,  39  years,  married.  2  children,  draft  de- 
ferred,  12  years  diversified  overseas  experi¬ 
ence.  At  present  in  non-essential  Industry. 
Available  end  January.  PW-357.  Electronics, 
330  W.  42iid  St..  New  York  City. 


Wb*  -  1 

It  is  of  interest  to  note  that  when 
6  =  1  there  is  only  one  distinct  root. 
Under  this  condition, 

1 

^(»  =  >)  “  Via*  -I-  1 

When  the  coupling  approaches  zero, 
i  the  relative  gain  approaches 

Limit  1 

6  ->0 


4a2  -H  1 


The  world  N 
waiting  until 
peace  comes  for 
the  marrels 
your  Industry 
will  produce. 

Complete  all  _ 

necessary  patent  proesdurM  NOW  on  your  Idea  to  be 
In  a  position  to  negotiate  with  manufacturers  THEN. 
Write  for  two  free  books  ...  68  pages  of  facts  for  in- 
rentors,  Iraniedistel.rl  Address;  Victor  i.  Evans  and 


PATENT 

rojfjf  IDEA 


\  It  is  interesting  to  note  that  the  above 
relative  gain  is  the  square  of  the  rela- 
;  tive  gain  of  a  single  tuned  circuit. 

REFERENCES 


(1)  I’urrington,  E.  S.,  Single  and  Coupled- 
circuit  S.vstenig,  /*roc.  I.R.E.,  18,  p.  983. 
June  19.30. 

(21  (iuilieniin.  Communication  Seitcorke,  1, 
p.  335. 
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Applications  of  Electronics  to  Physiology 

(Continued  from  page  89) 


ear  over  a  wide  range,  as  determined 
by  accurate  calibration.  The  device 
is  easily  adjusted  and  very  flexible. 
It  may  be  used  to  record  the  160-mm 
Hg  change  in  the  dog  ventricle,  or 
the  1-mm  Hg  change  in  the  turtle 
auricle,  which  has  not  previously 
been  accurately  recorded. 

The  frequency  response  is  good, 
and  entirely  dependent  on  the  me¬ 
chanical  design  of  the  membrane 
manometer.  This  design  is  discussed 
by  Wiggers.“  The  first  part  of  this 
book  would  be  of  value  to  anyone 
using  an  instrument  of  this  type. 

Rubber  diaphragms  were  origin¬ 
ally  used  on  the  manometer,  and  are 
still  to  be  preferred  for  small  pres¬ 
sure  changes,  but  it  has  been  found 
that  glass  membranes  are  more  sta¬ 
ble  and  produce  a  better  frequency 
response.  Of  course  they  are  com¬ 
paratively  insensitive.  They  are 
made  much  like  the  early  glass  elec¬ 
trodes.  A  bubble  about  an  inch  in 
diameter  is  blown  on  the  end  of  a 
Pyrex  glass  tube,  and  another  tube, 
the  end  of  w’hich  is  heated  to  melt¬ 
ing,  is  pressed  against  the  bubble 
while  the  bubble  is  heated  to  a  tem¬ 
perature  just  under  the  melting 
point.  The  sensitivity  of  the  dia¬ 
phragm  may  be  tested  by  changing 
the  pressure  applied  to  it  while  look¬ 
ing  at  a  light  reflected  on  its  surface. 
The  pattern  seen  should  change  per¬ 
ceptibly.  It  is  necessary  to  test  the 
strength  of  the  membrane  by  ap¬ 
plying  a  pressure  about  30  percent 
greater  than  the  highest  pressure 
which  it  will  be  u.sed  to  record.  An 
hour  of  glassblowing  should  enable 
a  novice  to  make  diaphragms  of  the 
desired  characteristics. 

The  phototube  membrane  mano¬ 
meter  is  not  restricted  in  its  appli¬ 
cation  to  cardiovascular  research, 
but  should  be  of  value  in  physical 
and  engineering  problems. 

In  summary,  its  advantages  over 
optical  projection  are: 

1.  Greater  sensitivity. 

2.  Variable  sensitivity.  Pressure 
changes  of  any  magnitude  may  be 
represented  by  any  desired  deflection 
of  the  cathode-ray  spot,  simply  by 
changing  the  amplifier  gain. 

3.  Electrical  changes  may  be  more 
ea.sily  recorded  simultaneously. 

4.  Insertion  of  the  needle  is  easy, 
because  the  entire  device  may  be 


moved  as  a  unit  to  any  position. 

From  the  few  examples  given 
above,  which  are  only  part  of  the 
developments  of  one  laboratory,  the 
reader  may  infer  the  wide  and  in¬ 
creasing  use  of  electronics  in  physio¬ 
logical  laboratories  in  general.  Many 
measurements  which  would  be  very 
diflkult  or  impossible  otherwise  may 
be  made  electronically,  electronics 
providing  a  multiplicity  of  ap¬ 
proaches.  A  good  example  is  the 
recording  of  pressure  changes,  which 
may  be  transformed  into  electrical 
changes  in  a  variety  of  ways,  as 
mentioned  above.  The  problem  is 
merely  one  of  selecting  the  method 
which  seems  simplest,  which  will 
w’ork  best  with  the  recording  equip¬ 
ment  available,  and  which  will  give 
the  performance  required. 

Because  of  the  simplicity  of 
changing  almost  any  physiological 
phenomenon  into  a  varying  poten¬ 
tial,  it  seems  almost  certain  that  the 
future  trend  will  be  to  the  use  of 
multiple-trace  cathode-ray  tubes  with 
direct-coupled  amplifiers.  In  general, 
such  equipment  is  far  superior  to 
the  old-fashioned  slit  type  camera. 

As  is  evident  from  the  freedom 
from  complexity  of  the  devices  de¬ 
scribed,  imagination  is  far  more 
needed  by  the  physiologist  than  a 
profound  theoretical  knowledge  of 
electronics.  For  this  reason  it  seems 
probable  that  even  more  physiol¬ 
ogists  than  at  present  will  find  it 
worth  while  to  provide  themselves 
with  the  practical  electronic  train¬ 
ing  required  by  the  research  prob¬ 
lems  which  they  undertake. 
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